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INTRODUCTION. 

Chemical Analysis is a branch of applied chemistry. 
It comprises the methods for ascertaining the composi- 
tion of a given specimen of matter : and if we speak of 
'qualitative' and of 'quantitative' analysis as two distinct 
branches of the subject, we refer to the methods, not to 
the problems. From this, analysis would appear to be 
nothing more or less than chemistry itself : and so it is — in 
a sense at least. In what sense, we do not now care to 
explain ; all we desire is, at the very outset, to make the 
student understand that analysis is not an art which can be 
learned independently of chemistry itself. It is possible to 
be a fair theoretical chemist without being able to execute 
an analysis, but most assuredly no one can be an analyst 
without being a scientific chemist. There is, of course, a 
difference between the function of the chemical investigator 
and that of the analyst, which may be said to lie in the 
different senses in which the two understand the terms 

* substance* and 'composition.' To the investigator the 

* substance ' he operates upon is of interest only in as far 
as it represents a certain species, simple or complex, of 
matter; and 'composition' with him means the internal 
organization of that chemical species. To the analyst the 
specimen itself is the subject of investigation, 'wVvVdv^ mXix 

A 
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him, is completed as soon as he has either succeeded in 
identifying it with this or that species duly booked in the 
catalogue of science ; or, if it does not happen to represent 
any definite kind of matter, as soon as he has found out, so 
to say, the recipe for forming it from known chemical 
species. If there were a definite method, however complex, 
which, when carefully applied to any case that might pre- 
sent itself, would be sure to lead to the recipe, or to the 
proof that such recipe lay without the present boundaries 
of science, then analysis would have a standing inde- 
pendent of scientific chemistry. But, unfortunately, such 
is not the case, the fact being, that of the various questions 
involved in the investigation of a substance of unknown 
nature, just those which, logically, would have the first 
claims on our attention, are the ones for the solution of 
which we have no general methods. There is, for instance, 
no direct and straightforward method which would enable 
us to find out whether or not a given substance is chemically 
homogeneous, and which, if it were not so, would enable 
us to form some idea of the degree of complexity in its 
proximate composition. To this, and other general ques- 
tions of a similar order, analysis, in its present state, returns 
no answer. All that it furnishes us with is a series of 
methods, each of which, on a broader or narrower basis 
of suppositions, enables us to answer this or that special 
question regarding the chemical constitution of the substance 
under investigation. Of the relatively general problems 
covered by these methods, this book takes cognisance 
mainly of the following two : — 

1. Given a substance, what is its qualitative elementary 

composition? and 

2. Supposing the substance to be known to consist, 

suhstaxitizXiy^ of a mixture oi[ sa\\.-\\V^ eoxK^<3Mxvd%, 
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what acids and bases should we require for its 
synthetical production ? 
The first of these problems will be treated more ex- 
haustively ; in the case of the second only the most important 
classes of salts will be taken into consideration individually ; 
while comparatively rare acids and bases will be either 
entirely ignored or disposed of generically. 

The book is intended for the use of students who, after 
they have mastered the first rudiments of chemistry, enter 
a laboratory to work under the direction of a teacher ^ while, 
at the same time, they continue their study of theoretical chem- 
istry. In accordance with this supposition, the chapters 
in succession become more and more strictly scientific in 
their mode of handling the subject. 

The book is divided into four Sections. The First is de- 
voted to a series of exercises which will give an idea of 
analytical methods to the student who works his way through 
them, and thus obtains some familiarity with the operations 
involved in their execution. Section II. describes the pro- 
perties of the most important metals, and the reactions they 
exhibit as such, or in one or other of their most frequently 
occurring states of combination. From these reactions is de- 
duced a method for the qualitative analysis of a mixture of 
metals, supposing them to be given in the shape of salts of 
certain adds. Section III. treats of the non-metallic elements 
and their compounds, with particular regard to non-metallic 
acids. For each class of metalloid compounds it is shown 
how their metallic derivatives must be treated in order to 
bring the metals contained in them within the range of the 
methods given in II. Section IV. treats of the application 
of the methods in II. and III., and shows how far they are 
likely to be available in the investigation of a sulostacact cil 
unknown nature. 



I.^EXERCISES. 



PVihat is printed in small type is meant to be read only. 



The simplest problem that can present itself in analysis 
is that of the substance under examination being one of 
those elements which can be identified by a purely qualita- 
tive observation of certain of their physical properties ; such 
as mercury, iodine, gold, and a few others. If such elements 
present themselves in the shape of chemical compounds, 
they evidently need only to be liberated in order to be 
recognised as before. Such liberation may sometimes be 
eflfected by the agency of heat alone, or by the combined 
effects of heat and the gases of a flame, or of additional 
reagents. The following exercises afford examples : — 

I. Place a small quantity of mercuric oxide, HgO, in the 
bottom of a * sublimation-tube ' (a tube of hard glass, closed 
at one end, about four inches long and a quarter of an inch 
wide) and heat it. The compound will break up into 
oxygen, which escapes, and into vapour of metallic mercury, 
which, condensing in the colder portions of the tube into 
metallic globules, liquid even at ordinary temperatures, is at 
once recognised. 

II. Place a small fragment of iodine in a sublimation-tube, 
and heat it gently in a gas-flame. The iodine is volatilized 
and changed into an intensely violet vapour, which, in the 
upper parts of the tube, is condensed again into a solid, 
identical with the original substance. 
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III. Heat some iodic anhydrdde (ItOj) in a (not too 
nan-ow) test-tube. Violet vapours of iodine make their 
appearance and condense in the colder parts of the tube, 
while, at the same time, oxygen is liberated, which can be 
recognised by its property of inflaming a glowing splinter of 
wood. 

IV. Heat, in a sublimation-tube, a small fragment of 
arsenicum. It volatilizes without previously fusing, and the 
vapours condense into a ring-shaped metallic-looking sub- 
limate, firmly adhering to the glass (a * mirror '). 

V. Place a fi-agment of * white arsenic ' (arsenious oxide, 
AS2O,), about the size of a pin's head, in the bottom of a 
tube of hard glass, drawn out at one end, drop into the tube 
a splinter of charcoal shaped so as to stop up the conical 
part, and heat, first the charcoal, until it is red hot, and 
then the arsenic, so that its vapours are driven through the 
heated charcoal. The charcoal (substantially consisting of 
carbon, C) takes away the oxygen of the compound, and the 
liberated metallic arsenic is deposited at some distance 
above the charcoal in the form of a mirror, precisely similar 
to the one produced in Exercise IV. 

VI. Make a loop at the end of a thin platinum wire, heat 
this loop in the flame of a Bunsen's lamp, and dip it, quickly, 
into some powdered carbonate of sodium (NajCO,), when 
some of the salt will adhere to it. Heat the salt in the 
outer portions of the flame ; it first melts, and is then gra- 
dually volatilized ; the vapours are decomposed with forma- 
tion of metallic sodium^ which imparts to the flame an 
intensely yellow colour. When viewed through a spectro- 
scope, the flame is found to give a spectrum, consisting of 
one bright yellow line. The sodium vapours, formed in 
this experiment, cannot be condensed and collected; yet 
the one physical property referred to is sufficient to identify 
the metal with perfect certainty. What is here stated for 
carbonate of sodium holds good also for most of the other 
salts of that metal. 
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VII. Repeat experiment- VI., only substituting for car- 
bonate of sodium, successively, a salt of 

a b c d e 

Lithium | Potassium | Strontium* | Barium* | Thallium 

The most convenient salts for this purpose are, respectively, 

the 

Carbonate | Carbonate | Sulphate | Chloride | Chloride 

In each case the flame will assume a colour characteristic of 

the metal; the colours are, respectively. 

Crimson | Violet | Crimson | Yellowish Green | Pure Green 

Examine each flame with the spectroscope; and satisify 
yourself that the spectra agree with the diagrams in Roscoe's 
* Lessons in Elementary Chemistry.' 

VIII. Heat a small quantity of calomel (HgCl) in a sub- 
limation-tube. It is volatilized and yields a sublimate 
identical with the original substance. 

IX. Heat, in a sublimation-tube, a mixture of calomel 
with about three times its bulk of carbonate of sodium, A 
sublimate of metallic mercury is obtained. The chlorine of 
the calomel remains in the residue as chloride of sodium. 

X. Mix a small quantity of oxide of copper (CuO) with 
two or three times its bulk of carbonate of sodium^ and heat 
the mixture on charcoal, by means of a blow-pipe^ in a reduc- 
ing flame, (By a * reducing flame ' is understood a flame 
containing an excess of combustible gas, ie, more gas than 
can be burned by the air in it. As long as a blow-pipe 
flame is luminous, however slightly, it has reducing pro- 
perties.) After some minutes* heating, break off" the fused 
mass along with those parts of the charcoal which are im- 
pregnated with the * flux,' and triturate the whole in an agate 
mortar, first with one drop of water, then with more, and 
lastly, pour off" all that does not readily subside in the water. 
Smdl flattened particles of metallic copper will be obtained, 
possessing the characteristic colour of that metal. 

* In case of Barium and Strontium a hair-fine platinum wire must be used, in 
order to maintain a temperature sufficient for the volatilization of the compound. 
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XI. Repeat Exercise X. successively, with (a) oxide of 
iron^ (b) oxide of cobalt^ {c) oxide of nickel, instead of the 
copper compound. You will obtain, in each case, the re- 
spective metal in the shape of a heavy grey powder, devoid, 
on account of its relative infusibility, of metallic lustre, but 
endowed with the property, characteristic of the three 
metals, of being attracted by a magnet When brought in 
contact with a magnetized penknife, the metallic particles 
stick to the blade and can be lifted out of the mortar as 
a coherent lump. To show that it is not the water which 
cements the particles of metal together, dry them at a gentle 
heat over a gas flame, then remove them from the blade by 
letting the latter pass through between yoiu: thumb and 
forefinger, and then again touch them with the point of the 
knife. They will rise up and stick to it and one another, 
forming a beard-like cluster of filaments. This property of 
being attracted by a magnet combines iron, nickel, and 
cobalt into a genus, and enables them to be distinguished 
from all other metals. How the three metals may be dis- 
tinguished from one another will be shown in Exercise XIII. 

XII. Fuse on to the end of a platinum wire, which has been 
previously bent into a loop (comp. Ex. VI.), a small quantity 
of baraxy and heat the salt until it becomes a transparent 
colourless globule (*a borax bead '). Place on this bead a 
very little binoxide of manganese (Mn02), and then expose it 
to the very tip of a blowpipe flame containing an excess of 
air (an 'oxidizing flame.' Such a flame is produced by 
placing the nozzle of the blowpipe deep into the gas flame 
and then blowing rather hard, so that a non-luminous conical 
flame is produced ; only the tip of the flame is sure to con- 
tain an excess of oxygen). The oxide of manganese dis- 
solves in the borax and forms a bead, which, after cooling, 
appears violet, the colour being due to a compound of 
boracic acid B02O3 with the oxide Mn20s. Now heat the 
bead in a reducing flame (comp. Ex. X.), taking care that 
the bead is entirely enveloped in the flame. 11 Yit^Xt^Vci 
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this manner for a sufficient time, the bead, after cooling, 
appears colourlessy containing now a compound of boracic 
acid with the oxide MnO. The bead, when again heated 
in an oxidizing flame, reassumes its original violet colour, 
and may then be decolorized again by a reducing flame, 
and so pn. 

XIII. Repeat Exercise XII., substituting, successively, 
some oxide of {a) cobalt^ (p) nickel^ (c) iron, (d) copper, 
(e) molybdenum, for the peroxide of manganese. The effect 
will be as follows : — 

COLOUR OF BORAX BEAD WHEN PRODUCED IN 

THB OXIDIZING FLAMB THB RBDUCING PLAMK 

Cobalt Intensely blue Intensely blue 

Nickel Reddish, very faint Grey from finely divided 

after cooling reduced metal. On 

continuedblowingthe 

metal agglomerates, 

Jeaving a clear bead* 

Iron Hot : yellow Bottle green 

Cold : colourless or 
pale yellow 

Copper Green ; after cool- Brown-red, and opaque* 

ing blue 
Molybdenum... Yellow in the heat \ Dark-brown 

colourless when 
cold 

Experiments like those above described are called * tests 
in the dry way ;' they frequently, with little loss of time and 
trouble, give decisive results. They are, however, not so 
generally, and not to the same extent systematically applic- 
able as those to which we shall now turn our attention, 
namely, the Hests in the wet way ^ wherein the substance under 
examination is first dissolved in an appropriate * solvent,' 

* The reduction succeeds best on addition of some oxide of tin. 
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and its solutioh then examined by acting on it with sub- 
stances (' Reagents '), the chemical nature of which is known. 

XIV. Take an aqueous solution of hydrochloric acid 
(HCl) and add to it caustic potash, KHO (solution), until 
the mixture no longer changes the colour of violet litmus 
paper. (* Neutralize hydrochloric acid with caustic potash.') 
Experience has shown that this point is reached as soon 
as the hydrochloric acid and the potash are mixed in the 
proportion of *HCr (36*5 parts) to *KHO' (56 parts). 
Evaporate the solution to dryness ; the residue is chloride 
of potassium (KCl,) what goes off is water only (H2O.) — 
KHO + HCl = KCl + HHO. In this experiment the 
hydrochloric acid might be replaced by many other sub- 
stances, for instance, by sulphuric acid, nitric acid, etc etc., 
with a perfectly analogous result. These substances are 
called * acids.' The caustic potash might also be replaced 
by a great number of other compounds, chiefly metallic 
oxides and hydrates ; only in case of many metallic oxides 
the resulting compound would still colour violet litmus paper 
red. There would, however, always be a union of the 
hydrochloric acid with a definite quantity of the oxide, 
attended with the formation of water and of a compound 
containing the chlorine of the hydrochloric acid, and the 
metal of the oxide. All substances which, in the above 
process, are capable of playing the part of the caustic potash, 
are called * bases.' The product formed by the union of an 
acid with a base (with elimination of water) is called a 
'salt' 

XVi Dissolve the chloride of potassium obtained in 
Example XIV. in the lectst quantity of water, and add to the 
solution two or three times its volume of fuming hydro- 
chloric acid. A crystalline precipitate is produced, which, 
from the mode of its formation, one might expect to have 
resulted from the union of * KHO ' with more hydrochloric 
acid than *HC1;' perhaps with two or three times that 
quantity. 
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This, however, is not the case ; the precipitate is pure chloride of 
potassium, as can be shown by collecting and drying it on a porous tile, 
repeatedly washing it with a minimum of water, and always allowing 
the solution to be sucked up by a tile, when at last a salt perfectly 
neutral to litmus paper will be obtained. 

XVI. Measure out half a test-tube full of a moderately 
dilute (say a lo per cent) solution of caustic potash^ add to 
it, out of a graduated cylinder, of a solution of tartaric add^ 
until it is exactly neutralized, and note the volume of acid 
used. Evaporate the solution to dryness at a gentle heat 
The residue is ' normal tartrate of potassium,' a white salt, 
very easily soluble in water. 

XVII. Redissolve in water the normal tartrate obtained, 
and add to it as much tartaric acid as it already contains. 
A colourless crystalline precipitate will be formed, consisting 
of * acid tartrate of potassium,' a salt very difficultly soluble 
in water, and also otherwise easily distinguished from the 
product obtained in XVI. 

Tartaric acid is (C4H40«)HH. 

Normal tartrate of potassium : (C4H40«)KK=(C4H40«) 
HH + 2KHO — 2H,0. 

Acid tartrate of potassium : (C4H^0e)HK = (C4H40e) 
HH + I KHO — iH,0. 

XVIII. Measure out two equal volumes of a solution 
of tartaric acid. Saturate the one with caustic potash, the 
other with caustic soda (NaHO) ; mix the two solutions, 
evaporate to a small bulk, and allow to cool. If the liquid 
has been sufficiently concentrated, it will deposit beautiful 
crystals of a chemical compound, not a mere mechanical 
mixture, of the tartrates of potassium and sodium : (C4H40«) 
KNa.4H,0 = J(C4H40eK2 + QH^OeNa,) + 4H,0. 

We see that the quantity of tartaric acid represented by 
* QH.Oe' contains two parts of hydrogen (H2) which can 
be separately replaced by K or Na with formation of 
definite chemical compounds. The hydrogen in hydro- 
chloric acid (HCl) is «^/ divisible in this way ; hence hydro- 
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chloric acid is called a monobasic and tartaric acid a dibasic 
acid. Examples of other monobasic acids are : Nitric 
HNO„ acetic HC2H,02, hydrobromic HBr, hydriodic HI, 
benzoic HC7H6O2 ; of dibasic ones : sulphuric HHSO4, 
succinic HHC4H4O4, oxalic HHCO^, hydrosulphuric HHS. 
The terms 'tribasic,' 'tetrabasic* acid, etc., will now be 
easily understood without further explanation. Phosphoric 
acid (HHHPO4) is an example of a tribasic acid. 

XIX. Neutralize a quantity of dilute sulphuric acid with 
a solution oi hydrate of barium (BaH20a) (* baryta-water '), 
Neutral sulphate of barium (BaSO^) is formed as a heavy 
white precipitate, insoluble in water and dilute acids. 
BaHaOa + H2SO4 = BaSO* + 2H2O. 

XX. Saturate one volume of dilute sulphuric acid with 
baryta-water, then add another volume of acid. The same 
compound BaSO^ is obtained, as in the case of an exact 
saturation, the second half of the sulphuric acid remaining 
in solution unchanged. We see that baryta behaves to 
sulphuric acid just as caustic potash does to hydrochloric, 
hence it is called a * di-acid ' base. Towards monobasic 
acids, e^, HCl, baryta behaves exactly like potash or soda. 

XXI. Dissolve some acetate of lead Q sugar of lead ') in 
water, and add to the solution dilute sulphuric acid. A 
heavy white precipitate is formed, consisting of sulphate of 
lead^ PbSO*, acetic acid HCaHjOa being at the same time set 
free, which remains in solution along with that part of the 
sulphuric acid, or with that part of the acetate of lead which 
was present * in excess,' i,e. over and above the quantity 
actually required in the process : Pb (€211,02)2 + SaSO* 

= PbS04 + 2H(C2H302). 

XXII. In a solution oi acetcUe of lead^ mixed with a few 
drops of acetic acid, suspend a strip of metallic zinc^ and 
allow the whole to stand for some hours. The lead con- 
tained in the salt is gradually but at last completely 
precipitated in the metallic state,* and for every 103-5 parts 

'^Asa beautiful arborescence on and above the zinc [* Salurrfs Uftft*Y 



1 2 Exercises in 

of lead thus eliminated 32-5 parts of zinc pass into solution. 
If the process is allowed to go on, until the whole of the 
lead is precipitated (/>. until a few drops of the liquid 
taken out no longer give a precipitate with sulphuric add), 
the solution contains only acetate of zinc, which, after 
sufficient concentration of the liquid in the heat, separates 
out on cooling in colourless laminae of the composition, 
Zn (C2H,02)2 3H2O. 

The same salt can be produced by dissolving zinc in a hot mixture of 
acetic acid (CsHfO,) and water and evaporating to oTStallization ; 32*5 
parts of zinc, in this case, eliminating one part of hydrogen gas. 
Acetate of lead can be prepared from acetic acid, by dissolving in a 
mixture of the latter with water the proper quantity of oxideoflead ; 
1 1 1 *5 parts of oxide (containing 103 *5 of metallic lead) eliminating nine 
parts of water, containing one part of hydrogen. Both the lead and 
the zinc acetate, when distilled with sulphuric acid^ give sulphate and 
a distillate of acetic acid. 

It follows, from what has been stated, that the three 
acetates here considered contain a common constituent, of 
which a certain quantity (the quantity 'C2H,02') is com- 
bined, 

In the case of acetic acid, with i part of hydrogen = * H ' 
„ acetate of zinc, „ 32*5 parts of zinc =i'Zn' 
„ „ lead, „ 103-5 P^J^s of lead = i ' Pb' 

We also see that the three compounds can be mutually 
converted into one another, by the substitution of one for 
another 

of the quantities H, \ Zn and \ Pb 

ue, I, 32*5 and 103*5 parts. 
Hence, in the reactions here considered, the quantities 
named of the three elements are said to be * equivalent ' to 
one another, each to each. Chemists not unfrequently 
speak of * the equivalent ' of an element or radicle* as being 
so and so much, i.e. they apparently attach to the word 

* * Radicle = Group of elements associated with one another in certain pro* 
portions, which group, in this or that set of reactions, remains unchanged. 
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equivalent an absolute meaning. Such statements, however, 
are always tacitly understood to refer to a certain set of 
reactions, and by the equivalent of the element or radicle is 
meant that quantity which, in these reactions, is equivalent 
to one part of hydrogen. 

XXIII. (a) Dissolve a small quantity (a few decigrammes) 
of metallic copper in nitric acid, completing the process, if 
necessary, by heating. The metal is converted into a blue 
solution of nitrate of copper (Cu(N0,)2) with evolution of 
nitric oxide NO, a gas which is colourless in itself, but in 
contact with air is converted into reddish-brown vapours 
of peroxide of nitrogen NO2. Evaporate some of the solu- 
tion to dryness in a porcelain basin : a blue residue of 
nitrate is left which, on continued heating, loses nitric 
acid, and is at last converted into oxide of copper (CuO), 
a black mass insoluble in water. Dissolve the oxide 
of copper in warm hydrochloric acid. A great solu- 
tion of chloride of copper, CUCI2, is produced. Evapo- 
rate the green solution to a small bulk,, so as to expel 
the greater part of the excess of acid, dilute with three 
or four volumes of water, and add a piece of metallic 
zinc: metallic copper is precipitated, and a part of the 
zinc passes into solution as chloride. CUCI2 -f Zn = 
Cu + ZnCU. 

To some of the blue solution of nitrate of copper add 
about once or twice its volume of hydrochloric acid : the 
liquid becomes green, a part of the nitrate being changed 
into chloride. Cu(N03)2 + 2HCl=CuCl2 + 2HNO,. 

(b) Dissolve a few decigrammes of pure metallic silver 
in warm dilute nitric acid. Nitric oxide is evolved and a 
colourless liquid produced, which, after evaporation to 
dryness at a gentle heat, leaves colourless crystalline 
nitrate of silver, AgNOs, which, when cautiously heated in 
a sand-bath, fuses without decomposition. After cooling, 
dissolve the nitrate of silver in water, and into a part of 
the solution drop a piece of stout copper wire ; mtl^Xik. 
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silver is precipitated, while copper passes into solution as 
nitrate. 2AgN0, + Cu = Cu(N0,)2 + Agj. To the rest 
of the solution add, drop by drop, hydrochloric acid (shak- 
ing violently after each addition) as long as there is a 
precipitate formed ; the silver is completely precipitated 
as chloride (AgCl) ; the solution contains nitric acid, and 
the excess of hydrochloric acid. AgNO, + HCl =? 
AgCl + HNO,. Wash the chloride of silver by de- 
cantation with water, and to the magma of precipitate 
and water add a few drops of hydrochloric acid and a piece 
of metallic zinc. After a few hours* standing, the chloride 
will be converted into metal ; the solution will contain 
chloride of zinc. 2 AgCl + Zn=Ag2 + ZnCl2. Pick out 
what is left of the piece of zinc, boil the precipitate with 
dilute sulphuric acid (to dissolve traces of zinc precipitated 
on its surface), and wash, by decantation, with hot water. 
The silver thus obtained forms a dull yellowish-grey powder, - 
which, when rubbed with the blade of a knife, acquires 
metallic lustre, and when heated on charcoal with a blow- 
pipe-flame, readily fuses together into a globule, exhibiting 
the characteristic properties of the metal. 

(c) Treat a silver coin with dilute nitric acid (aiding the 
action by gentle heating when necessary) until it is com- 
pletely dissolved. Silver coins are made of an alloy of 
silver and copper, but not unfrequently contain also 
traces of gold. The silver and copper dissolve as nitrates, 
the gold, if present, remains as a heavy black powder, 
insoluble in even hot nitric acid. Of the solution obtained 
take 

(i) Apart and evaporate it to dryness in a porcelain basin 
placed on a sand-bath, heat the mixed nitrates to fusion, 
and continue heating until all the (green) basic nitrate of 
copper, which is first formed, is completely reduced to 
(black) oxide. Treat the residue with warm water, and 
filter. The residue on the filter is oxide of copper, the 
solution contains nitrate of silver, which^ if the heating 
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process was properly conducted, is perfectly free from cop- 
per salt The oxide of copper, however, almost invariably 
contains a little metallic silver, which can be rendered 
visible by dissolving away the oxide of copper in warm dilute 
sulphuric acid. This is a convenient process for preparing 
nitrate of silver, but not an exact method for separating 
the two metals. 

(2) Dilute the rest of the nitric solution of the coin 
with water to about fifty times the weight of the metal it 
contains, filter, if necessary, and put it into a bottle 
capable of holding from four-thirds to twice the bulk of 
liquid. Add now a small quantity of hydrochloric acid 
(presumably insufficient for the complete precipitation of 
the silver present), shake up violently until the chloride of 
silver precipitate has coagulated and the liquid lost its milky 
appearance, allow to settle, and by addition of one drop of 
hydrochloric acid to the clear supernatant fluid, see if there 
is any silver left in the solution. If so, add more hydro- 
chloric acid, shake up, test again, and so go on until, as 
nearly as possible, the exact quantity of hydrochloric acid 
necessary for the complete conversion of the silver into 
chloride has been added. Wash the precipitate with cold 
water (by decantation) until the whole of the copper has 
been removed, i.e. until the last wash-water is no longer 
coloured by ferrocyanide of potassium. Transfer then 
the chloride of silver to a short-necked flask, provided 
with a well-fitting cork, dissolve the precipitate in strong 
aqueous ammonia, slide in some pieces of stout sheet copper 
(about five times the weight of the coin), put in the cork, 
and allow the whole to stand until the blue colour of the 
mixture, which makes its appearance immediately after the 
introduction of the copper, after having for some time 
increased, begins to diminish in intensity. The silver is 
now completely reduced to the metallic state and precipi- 
tated, the chlorine having been taken away by the copper 
and converted, for the greater part into a blue compowwd 
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of cupric chloride and ammonia (CuC]2 + xNHt), the rest 
into a colourless compound of cuprous chloride and ammonia 
(CuCl + yNH,), both of which remain dissolved in the 
liquid. If atmospheric oxygen be completely excluded, the 
precipitation of the silver is completed as soon as Cu|=3i*7 
parts of copper have dissolved for every AgCl = i43'S P^^^^ 
of chloride of silver employed, the composition of the mix- 
ture (apart from what is left of the copper strips) then 
corresponding to the equation ; — 

AgCl + \Qm = CujCl + Ag I. 

If the mixture is allowed to stand, its colour gradually dis- 
appears, the (blue ammoniacal) cupric chloride being gradu- 
ally reduced to (colourless ammoniacal) cuprous chloride, 
thus : — 

CujCl + Cuj = CuCl II. 

So that, finally, the state of matters is the same as if from 
first to last this process had been going on : — 

AgCl + Cu = Ag + CuCl III. 

If the colourless liquid (containing its copper as CuCl) is added to an 
ammoniacal solution of chloride ofsUver^ the silver is at once reduced to 
the metallic state, the chlorine passing to the cuprous and convertiiig it 
into cupric chloride : — 

CuCl + AgCl = CuCl« + Ag IV. 

From this it at once appears that equation I. cannot be looked upon as 
a true theory of the process up to (although it correctly formulates the 
distribution of matter at) the moment it refers to. Because, obviously, 
as soon as some cupric chloride is formed by reaction I., this cannot 
help undergoing reaction II., and being thereby reduced to cuprous 
chloride, which will then act on chloride of silver according ta equation 
IV, with formation of cupric chloride, which, after having been reduced 
by the copper-strips, again attacks some of the chloride of silver accord- 
ing to IV., etc etc. In other words : of the copper which takes part 
in the process, only a part reduces chloride of silver directly ; the rest 
does so only after having previously passed into the state of cuprous 
chloride. That this second part must be greater than. the first does not 
require to be pointed out. Remembering that the chloride of silver we 
used originated from the reaction AgNO, + HCl ^ AgCl + HNO,, 
we may look upon the processes resulting in I and III. respectively, as 
two modes of converting chloride of hydrogen into chloride of copper. 
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In the one (I.) HCl is finally converted into CujCl, in the other (III.) 

HCl passes into CuCl. In I. — = 317, in III. Cu = 63*4 parts of 

copper are * equivalent * to one part of hydrogen. (Compare Exer- 
cise XXII. 

After removing mechanically what is left of the copper, 
decant the copper solution and wash the silver, first, with 
dilute ammonia in presence of air (to dissolve out any trace 
of copper that may be left), and then repeatedly with water, 
until the last trace of copper is removed, />. until the de- 
canted liquid no longer becomes blue in contact with air, 
and after acidification with acetic acid, gives no colouration 
with ferrocyanide of potassium. The metallic silver, ob- 
tained in this process, forms a very fine powder, (generally) 
devoid of metallic lustre. When heated to redness (in a 
porcelain crucible) it shrinks and cakes together, and then 
presents the aspect of a metal. To prepare perfectly pure 
nitrate of silver (a reagent constantly required in analysis), 
dissolve the ignited metal in nitric acid and evaporate to 
dryness. If the salt should contain a trace of copper, this 
can easily be removed according to process (i). 

XXIV.* Recapitulation. It was shown (in XXIII.) that a 
solution oi nitrate of silver^ when mixed with one of hydro- 
chloric acid, gives a precipitate of chloride of silver and 
a solution containing, besides the excess of substance or 
reagent used, the nitric acid previously combined with the 
elements of oxide of silver Ag20 in the decomposed part of 
the nitrate of silver. The process goes on according to the 
equation : 

AgNOs + HCl = AgCl + HNO3 (i) 

If instead of hydrochloric acid (chloride of hydrogen, HCl) 
we use chloride oi potassium KCl, a perfectly similar re- 
action is observed, only instead of a solution of nitric acid 
(nitrate of hydrogen HNO3) there is formed one of nitrate 
oi potassium^ KNOa. (2). — Any other soluble chloride, RCl 

* Students who, (ui cursorily reading over this chapter, find it hard to understand, 
may postpone its study until they are a little mor^ &miliar with chemical leaiCXiQcck 

B 
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may be substituted for the two named, we always have : — 

AgNOs + RCl = AgCl + RNO3 (3) 

If in reaction (2) we substitute for the chloride the carbonic 
acid salt (* carbonate *) of potassium K2CO3, we observe an 
analogous reaction ; only the precipitate this time consists 
of carbonate {h%jZOz) (instead of chloride) of silver, 

AgNOs + J(K2C03)=Ag(C03H+ KNO3 (4) 

Caustic potc^h (hydrate of potassium KHO) and nitrate of 
silver also precipitate each other, in this way : — 

AgN03 + KHO = AgHO + KNO3 (5) 

The hydrate of silver, however, at once breaks up into 
oxide of silver Ag20 (a dark brown precipitate) and water : 
AgHO = JAgaO + iHaO. 

(According to XXI.) a solution of acetate of lead ^nA one 
oi sulphuric acid give a precipitate oi sulphate of lead and a 
solution of acetic acid : — 

Pb(C2H302)2 + H2SO4 = PbS04 + 2H(C2H302) (6) 

Substituting the potassic for the hydric salt of sulphuric acid 

we have : — 

Pb(C2H302)2 + K2SO4 = PbS04 + 2KCC2H3O2) (7) 
Other soluble sulphates behave similarly, e^. 

Pb(C2H302)2 + CUSO4 = PbS04 + CU(C2H302)2 (8) 

(According to XIX.) solutions of hydrate of barium and 
sulphuric acid ^\t m&olMhlt sulphate of barium and water: — 

Ba(H0)2 + H2SO4 = BaS04 + 2H2O (9) 

Substituting chloride for hydrate of barium we have : — 

BaClz + H2SO4 = BaS04 + 2HCI (10) 

In both reactions the sulphuric acid can be replaced by 
other soluble sulphates with a perfectly similar effect, for 
instance : — 

BaClz + K2SO4 = BaS04 + 2KCI (n) 

and 

Ba(H0)2 + Na2S04 = BaSO^ + 2NaH0 (12) 

In looking over these reactions we find they are all analogous 
to one another in so far as, in each case, there are acting 
upon each other two compounds (belonging to the categories 
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of * acid/ * base/ or * salt '), and that the action consists in 
the cross-exchange of a constituent of the one compound for 
a constituent of the other, with formation of two new sul> 
stances. Such reactions are called * double decompositions.' 
We also see (by comparing reactions (i) and (2), or (6) and 
(7) ) the analogy in the double decompositions of hydro- 
chloric acid and sulphuric acid with those of chlorides and 
sulphates respectively. In comparing (9) with (10), and (11) 
with (12), we observe the similarity, in their behaviour to 
sulphates, of hydrate and chloride of barium. Similar facts 
have been observed in countless other analogous reactions. 
* Free acids ' and * free bases,' in their ordinary double de- 
compositions, behave like metallic salts, the cKids like salts 
of the * bc^e^ water (or of the * metal* hydrogen) ; the bases 
like salts of the ^acid^ water; the residue OH in hydrates 
(or 0\ in oxides) playing the part of the residue * CI in a 
chloride^ or of the residue JSO4 in a sulphate,^ 

Most of the reactions taken advantage of in analysis are 
double decompositions of salts by salts, or acids or bases. 
We shall, therefore, here state some general facts which have 
been made out regarding such reactions, and the knowledge 
of which often enables one to foresee their result In doing 
so, we shall use the word * salt ' in a wider sense, so as to 
let it include acids and basic hydrates, and, consequently, 
the word * metal ' as including * replaceable hydrogen.* 

If the solution of any salt RA * is mixed with that of 
another salt R'A' (where RA and R'A' stand for the 
respective formulae, R and R' being the metallic, and A 
and A' the acid residues, and R' and A' are supposed to be 
different from R and A respectively) there always is double 
decomposition, which, however, in no case takes place 
instantaneously, but always proceeds gradually, at a rate 
which in general changes as the action progresses. But 
the new salts R'A jind RA' are no sooner formed than 

* RA is meant to represent the formula of a salt, containing the metal R, and th<5 
add radicle A. 
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they also commence mutually decomposing each other into 
the original salts RA and R'A' at a rate which evidently 
must increase, as the number of molecules of R'A and 
RA' formed becomes greater. 

What this ultimately leads to depends chiefly on the 
nature of the two new salts produced. 

If both of the two salts R'A and RA' are absolutely 
soluble (i.e, are such that at any imaginable stage of the 
reaction the quantities produced could remain permanently 
dissolved in the liquid as it would be at that stage), the 
two reactions expressed by the equation RA + R'A's= 
R'A + RA' will both go on ad infinitum^ but sooner or 
later there will be reached a point when the two reactions 
exactly compensate each other, and the composition of the 
liquid no longer changes. 

Suppose, now, one of the products formed (say R'A) is 
absolutely insoluble, i,e. such that even the least quantity 
of it, after being once formed, cannot remain permanently 
dissolved. Then, however short a way the process may go 
at first, the quantity of R'A produced will separate out (as a 
precipitate, or as gas evolved) and be withdrawn from the 
sphere of action. The forward reaction will again predomi- 
nate over the inverse one, an additional quantity of R'A be 
produced and eliminated, and this will go on until the 
whole of the potentially present quantity of R'A is actually 
produced and separated out : the process will go on to the 
end. 

If R'A is only relatively insoluble, it is far more difficult 
to predict even the phenomenal result of the reaction. It is 
however easily understood, that, whenever the quantity of 
R'A potentially present (call it (i + n) Q) exceeds the 
quantity Q, which — supposing it to be actually formed 
— ^would bring the liquid into the condition of a solution 
saturated with R'A, a part of the excess in Q will, in general, 
separate out The greater n, the greater the probability of 
a precipitation of R'A setting in at all, and, if it does, the 
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greater a fraction of the quantity nQ will ultimately be pre- 
cipitated. 

That the whole of that quantity will not be separated out 
follows at once from what was stated above with regard to 
soluble products. 

All this applies to gases as well as to solid or liquid pre- 
cipitates. The case of a gaseous product, however, offers 
this peculiarity, that if the gas is produced, besides relatively 
non-volatile compounds, it can, as a rule, be completely ex- 
pelled by a sufficient increase of temperature, or, if necessary, 
by evaporation, and the reaction thus be forced to go on to 
the end. 

Examples. — (A) Formation of soluble products. — (i) A concentrated 
(blue) solution of sulphate of copper, when mixed with hydrochloric 
add, assumes the characteristic green colour of cupric chloride. 
CuSO^ -f 2HCI = CuCl, + H,SO^. But, even if more than 2HCI 
be added for every iCiiSO^, some of the latter salt remains undecom- 
posed, the mixture contains, besides CuCl, and H^SO^, also CuSO^, 
and HCL (2) A solution oi ferric chloride {yellow) when mixed with 
a solution of sulphocyanide 0/ potassium {colourless)^ exhibits the red 
colour characteristic oi ferric sulphocyanide. (3) A mixed solution of 
chloride of potassium and nitrate of sodium contains, besides these salts, 
also chloride of sodium and nitrate of potassium. In this case there is 
no visible evidence of decomposition, but yet we have good reasons for 
assuming that an exchange of K for Na has actually taken place. We 
know, for instance, that two solutions prepared, the one by dissolving 
the exact quantities KCl and NaNO,, the other by dissolving the exact 
quantities NaCl and KNO, in equal quantities of water, are absolutely 
identical in all their chemical and physical properties. How far, in re> 
actions like this, the double decomposition goes before it is compensated 
by the inverse reaction, is a problem which has not yet received a 
general solution. We know only that in particular cases, the one re- 
action to such an extent outweighs the other that, practically, the 
former can be supposed to go on alone. Thus, for instance, the reactions 
of 'strong' adds (such as sulphuric, nitric, hydrochloric, oxalic) on 
soluble bases (such as potash, soda, baryta) are practically non-rever- 
sible, or in other words, salts formed by the union of strong adds and 
strcn^ soluble bases are not at all decomposable by water. (4.) A 
solution of sulphate of zinc ZnSO^ in even very dilute sulphuric acid is 
not visibly affected \>y sulphuretted hydrogen H,S. A soVulVou ol acetate 
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of zinc in very dilute acetic acid is (by an excess of the same reagent) 
completely decomposed into sulphide of zinc (which separates out as a 
white precipitate) and into acetic acid, A mixture of even an acid 
solution oi sulphate of zinc with a large excess oi acetate of soda (i.e. with 
considerably more than 2NaC,H,0, for every ZnSO^) behaves to sul- 
phuretted hydrogen like a solution of acetate of zinc 

Examples of partial precipitation. — A solution, saturated in the heat, 
of KCl parts of chloride of potassiunif if mixed with a similarly condi- 
tioned solution of NaNO, parts of nitrate of sodium, deposits, on 
cooling, crystals of nitrate of potassium, the solution contains chloride 
of sodium, with more or less of the two salts originally taken. £q. : 
KCl + NaNO, =x (NaCl + KNO,) + (i-x){KCl + NaNO,} (2) A 
concentrated solution of nitrate of silver AgNO,, when mixed with 
one of stUphcUe of sodium Na^SO^ gives a crystalline precipitate of 
sulphate of silver Ag^SO^ and a solution, which, if the two salts were 
mixed in the proportion of AgNO, : \ Na^SO^ consists substantially of 
one oi nitrate of sodium, but in all cases gives the reactions also of sul- 
phate and of silver-salt (3) A solution oi acetate of lead, when mixed with 
an excess of hydrochloric acid, is almost completely decomposed into 
chloride oflectd (of which apart separates out as a crystalline precipitate) 
and into acetic acid, which remains in solution, but invariably the solu- 
tion shows the reactions of (chloride and) lead-salt 

Examples ^(practically) complete precipitation were given in the 
beginning of the paragraph. We will add the following as a case 
of the formation of two insoluble products. If the exact quantities 
Ag2S04 and BaCl, are separately dissolved and then mixed together, 
there results a mixed precipitate BaSO^ + 2AgCl and a liquid consist- 
ing of pure water. 

Cc^es of gas evolution, — (i) Almost all carbonates (whether soluble or 
— ^in the ordinary sense of the word — ^not) when treated with solutions of 
strong acids are completely decomposed into metallic salt (sulphate, 
chloride . . . ) and carbonic acid ; the latter, however, imme- 
diately breaks up into water and carbonic anhydride, which escapes as 
a gas. Ex. : CaCO, + 2HCI = CaCl, + {H,CO, =H,0 + CO«}. 
(2) All soluble and a great many of what are called ' insoluble ' sul- 
phides, when treated with the proper free acids, are decomposed with 
evolution of sulphuretted hydrogen H,S. Ex. : FeS + H,SO^ = 
FeSO^ + H,S. (3) A solution of NaCl parts of chloride of sodium, 
when mixed with H,SO^ or more parts oi sulphuric acid, is acted upon 
according to the equation NaCl + H,SO^ = HCl -t- NaHSO^. Both 
products, however, being soluble in water, the decomposition neveiwgoes 
to the end. But if we separate, by continued evaporation, the water 
and the hydrochloric acid formed, from the non-volatile salt NaHSO^ 
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and the relatively non-volatile sulphuric acid, the whole of the poten- 
tially present hydrochloric acid is at last formed and eliminated. Dry 
chloride of sodium and concentrated sulphuric acid act upon each' other 
in the same way, but much more energetically and thoroughly than 
in presence of water, because the gas HCl, being insoluble in con- 
centrated sulphuric acid, is removed almost as quickly as it is formed. 
(4) Dry nitrctie of potash when hecUed -vf'iXh. excess oi concentrated sulphuric 
acidf is gradually but at last completely decomposed into bisulphate of 
potash KHSO4 and vapour of nitric acid. 

The empirical laws above stated, with regard to the mutual decom- 
position of two salts (separately dissolved beforehand in water, etc ), 
can be applied to a class of reactions which are frequently carried out 
in analysis, viz., such double decompositions in which a relatively 
insoluble solid salt R A, by the action on it of a solution of another salt, 
R'A' is converted into another * insoluble ' salt RA' and a solution of 
R'A. The possibility of the reaction RA -f R'A' = RA' -f R'A 
is easily understood : however little soluble RA may be in the solution 
of R 'A ', a minute quantity a (RA) of it at least will dissolve, and 
meeting an enormous excess of R'A', be almost completely converted 
into RA \ and if, under the circumstances, R A 'is to a sufficient extent 
less soluble than the original salt RA, a part of it is sure to separate out. 
There will then be room (so to say) in the liquid for another small 
quantity /9 (RA) which in its turn will dissolve, be converted into /9 (RA') 
and be partially precipitated, and so it may go on. Supposing now the 
reaction to have gone a certain length, what are the conditions of its pro- 
gressing further ? 

Before attempting to find an answer let us pass to a special case, 
taking care, however, to keep our reasoning as general as possible. 
Supposing we had boiled * BaSO^* parts of sulphate of barium, with 
* KjCO, * parts of carbonate of potassium, and after so and so many 
minutes boiling, managed to convert i-ioth, i-3d . . . of the 
•BaSO*,* say for the sake of generality, x BaSO^ into x BaCO, (mixed 
of coarse with (i — ^x) BaSO^) and consequently aiso converted the solu- 
tion into one of [x (K,SO J + (I— x) (K,CO,)]. 

Suppose also, for the sake of simplicity, the rates of solubility of 
sulphate of barium and of carbonate of barium not to have changed in 
consequence of the exchange in the solution of x (KjCO,) for x (K^SO^) 
(or what comes to the same, suppose these rates to be independent of 
x). The probability then of the reaction BaSO^ + K,CO, = BaCO, 
+ K,SO^ progressing, evidently is the greater, the greater— in the small 
quantity of sulphate of barium, which next passes into solution— the 
ratio of what is converted into carbonate to what remains in the state of 
sulphate. But this ratio is, as we know, the greater, the greater (,i— k\ 
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or the greater " ; in other words : the probability of the transformation 
of sulphate into carbonate of barium progressing is the less, the further 
it has already progressed. Quite in accordance with this, experience 
shows, that the decomposition comes to a stop as soon as the ratio in 
the liquid of weight of sulphate of potash : weight of carbonate of 
potash has reached a certain limit Talue k (which lies somewhere below 
the number 3). If instead of taking iK,CO, for every iBaSO^ we 
employ an excess of the former, e,g, (i + A) K,CO, then the greater 
A, the greater a proportion of the sulphate of barium started with is 
converted into carbonate. Similar relations hold with other processes 
analogous to the one just considered ; only in many cases, even if only 
iR'A' is used for iRA, the decomposition RA + R'A' = RA' + 
R'A is completed before the limit value *k*is reached, while again 
in other cases the ' k ' is practically = o, so that the decomposition 
does not set in at all. 

Examples, — Precipitated chromate of silver (a red salt, soluble in 
about 6000 parts of water), if treated with a solution oi chloride of sodium 
is decomposed with formation of (practically insoluble) chloride of 
silver and a (yellow) solution of chromate of sodium, thus : Ag,CrO^ 
+ 2NaCl =s 2AgCl + Na,CrO^. In this case k = ^^ , ue, in whatever 
proportions the two salts may have been taken, the whole of the poten- 
tially present chloride of silver is actually produced. (2) Recently 
precipitated chloride of silver^ when treated with the solution of a slight 
excess of iodide of potassium^ KI, is. completely converted into a precipi- • 
tate of iodide of silver : AgCl + KI := Agl + KCl. In this case also 
k = 00 , although both silver salts, even the chlorides, are almost in- 
soluble in the liquid. (3) SrSO^ parts of sulphate of strontium^ when 
boiled with a solution of (considerably) more than K^CO, parts of 
carbonate of potash^ are completely converted into SrCO,. (4) Pre- 
cipitated carbonate of calcium CaCO, when treated with a solution of 
caustic potash KHO in at least ten times its weight of water, is not 
changed. Here, with regard to the reaction CaCO, + 2KHO ^ 
Ca(HO), -f KjCOjr, k = o. If, however, a more concentrated solu- 
tion of potash be taken, the decomposition does take place, k being the 
greater, the greater the concentration of the liquid. 



XXV. Preparation of sulphuretted hydrogen, — Place into 
a gas-evolution bottle from 30 to 50 grammes of fused sul- 
phide ofiron^ FeS, and add, through the funnel tube, com- 
mercial hydrochloric acid of about 20°/^ : the acid readily 
acts on the sulphide, changing the iron into chloride FeCla 
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which dissolves in the water, while the sulphur is converted 
into gaseous sulphuretted hydrogen, which escapes. (Com- 
pare page 23.) When the gas-evolution slackens, add some 
more acid, and so go on until a sufficiency of gas is produced. 
Pass the sulphuretted hydrogen, first through a tube loosely 
filled with cotton wool, in order to free the gas from small 
particles of liquid mechanically carried over, and then 
through distilled water contained in a phial, as long as some 
of it is absorbed. To see if the liquid is perfectly saturated 
with gas, close the mouth of the bottle, violently shake it, 
then turn the bottle upside down, and carefully slacken the 
stopper. As long as the water is not perfectly saturated, air- 
bubbles are sucked in ; if the point of saturation is reached, 
part of the liquid is forced out When the water is com- 
pletely saturated, close the phial with a cork, and preserve 
it for use (best with mouth turned downwards). 

XXVI. Preparation of sulphide of ammonium, — Pass sul^ 
phuretted hydrogen through a measured volume, say 50 c.c. 
of a solution of ammonia (of about 10%), until it is com- 
pletely saturated, then add another volume (50 c.c.) of 
ammonia solution, mix the two liquids and keep the solution 
as one of * sulphide of ammonium^ The processes going on 
are represented by the following equations : — (i) NHg-l- 
H2S = NH4.HS. (2) NH4.HS + NH4.HO = (NH4)2S 
+ H2O. Recently prepared aqueous sulphide of ammonium 
is a colourless liquid, possessing a strong alkaline reaction ; 
when mixed with excess of any free acid it yields sulphuretted 
hydrogen and a clear solution of ammonia-salt ; Ex. : 
(NH4)2S + H2SO4 = (NH4)2S04 + H2S. A solution of 
sulphide of ammonium readily absorbs oxygen from the 
atmosphere and thereby assumes a yellow colour, a part of 
the compound (NH4)2S being converted into disulphide 
(NH4)2S2. (1) (NHOaS + O = (NHOaO + S. (2) S + 
(NH4)2S = (NH4)2S2. TYit yellow solution, when mixed with 
acid, gives (beside NH4 salt and H2S gas) a white milky 
precipitate of sulphur. (NH4)2S2 + 2HCI = 2NH4!Cl -V 
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HgS H- S. A slight admixture of disulphide does not inter- 
fere with most of the purposes for which the reagent is used 
in analysis. 

XXVII. Dissolve a few centigrammes of white arsenic 
(AS2O3) in aqueous hydrochloric cmd and add to the solution 
of AsCls thus obtained sulphuretted hydrogen water until the 
liquid, after shaking, smells strongly of the gas. Insoluble sul- 
phide of arsenic (As2S3)is precipitated, hydrochloric acid goes 
into solution : 2ASCI3 + 3H2S = AsgSs + 6HC1. Collect 
the yellow precipitate on a filter, wash it with water imtil the 
wash-water no longer contains hydrochloric acid (reddens 
litmus) ; then pour on the precipitate some sulphide of am- 
monium ; the precipitate dissolves, being converted into a 
soluble double sulphide AS2S3 x(NH4)2S. If we acidify this 
solution with hydrochloric acid, the sulphide of ammonium 
is decomposed (vide supra), and the sulphide of arsenic re- 
precipitated. 

XXVIII. Mix a solution of nitrate of bismuth with an 
excess oi sulphuretted hydrogen water: the bismuth is com- 
pletely converted into a brown precipitate of sulphide of 
bismuth^ while nitric acid passes into solution. Wash the 
precipitate with water, and treat it with sulphide of ammo- 
nium; it does not at all dissolve. The filtered liquid, when 
acidified with hydrochloric acid, yields sulphuretted hydrogen 
and a solution of chloride of ammonium, mixed perhaps 
with more or less of a milky precipitate of sulphur, but no 
sulphide of bismuth is separated out. 

XXIX. Dissolve a few centigrammes oi ferrous sulphate 
in water acidified slightly with sulphuric acid, and add some 
sulphuretted hydrogen water : there will be no visible change. 
Now add an excess of ammonia: a black precipitate is 
formed, which, if a sufficiency of sulphuretted hydrogen has 
been used, contains the whole of the iron as sulphide, FeS. 
The same result is obtained by adding to the iron solution — 
instead of sulphuretted hydrogen and ammonia — a ready- 
made solution of sulphide of ammonium^ the reaction corre- 
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^ponding in both cases to the equation : FeSO* + (NH4)^ 
= FeS + (NH4)2S04. Collect the precipitate of sulphide 
of iron on a filter, and add to it some dilute sulphuric (or 
hydrochloric) acid ; it dissolves with evolution of sulphuretted 
hydrogen, a solution of ferrous sulphate (or chloride) being 
formed. 

XXX. Add to a solution of chloride of calcium^ CaCli, 
first, sulphuretted hydrogen, then sulphide of ammonium : in 
either case there is not any visible change. Now add, to 
another quantity of the solution, a solution of carbonate of 
ammonium, and heat gently. If enough of the reagent was 
added, the whole of the calcium is precipitated as carbonate 
CaCOs. React : CaCla+CNH*)! C03= CaCOs+ 2NH4CI. 

XXXI. Try, successively, the action on a solution of 
chloride of potassium^ first, of sulphuretted hydrogen, secondly, 
of sulphide of ammonium, thirdly, of carbonate of ammo- 
nium : in no case is there any visible change produced, both 
sulphide and carbonate of potassium being soluble in water. 

The reactions described in the preceding paragraphs 
come out equally with many other salts of arsenic, bismuth, 
iron, calcium, and potassium than those mentioned. 

XXXII. Prepare a solution containing the chlorides of 
arsenic^ bismuth^ iron (ferrous), calcium^ and potassiuniy and 
then separate fi'om one another these metals with the help 
of the reactions before given for the individual metals, />., 

(i) Dilute the liquid and pass in sulphuretted hydrogen 
gas^ so as to completely precipitate the arsenic and bismuth 
as sulphides, wash the precipitate with water until the last 
washings no longer contain iron, calcium, and potassium 
(ie. until they no longer give a colouration with sulphide 
of ammonium, and after evaporation in a small platinum 
dish, leave no residue non-volatile at a red heat). Mix the 
sulphides on the filter with sulphide of ammonium^ taking 
care at first not to tear the paper, then pierce the bottom of 
the filter with a pointed glass rod, let the mixttu-e run into a 
flask, and heat it gently for about five minutes, so ^& lo 
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completely dissolve the sulphide of arsenic Collect the 
sulphide of bismuth on a new filter, wash it with lukewarm 
water (always adding at the same time some sulphide of 
ammonium) until at last the* wash-water no longer contains 
arsenic, />. behaves to hydrochloric acid like a very dilute 
solution of sulphide of ammonium. From the filtrate, mixed 
with the more concentrated portions of the washings, pre- 
cipitate the arsenic (as sulphide) by acidification with hydro- 
chloric acid, collect the precipitate on a filter, and firee it from 
the chloride of ammonium adhering to it by repeated washing 
with water. 

(2) To the filtrate fi-om the arsenic and bismuth pre- 
cipitate add, first, enough of ammonia to completely saturate 
the free hydrochloric acid it contains, then add a sufficient 
quantity of sulphide of ammonium to precipitate the whole 
of the iron^ and collect the precipitate on a filter. [The 
filtration is considerably facilitated by adding to the mixture 
(if necessary) some more chloride of ammonium, gentiy 
heating and then violently shaking it.] Wash the sulphide 
of iron with warm water (mixed with a little sulphide of ammo- 
nium, to protect the precipitate against the oxidizing action 
of the atmosphere) as long as the filtrate contains any calcium 
and potassium (/>. anything mt volatile at a dull red heat). 

(3) To the filtrate from the sulphide of iron add a 
sufficiency of carbonate of ammonia, heat it for some time, 
filter off the carbonate of calcium, and wash it with hot water. 

(4) Evaporate the filtrate from the calcium precipitate to 
dryness : the residue contains the potassium (as chloride), 
along with the ammonia salts introduced as reagents. 
The ammonia salts are easily driven off by exposing the 
mixture, conveniently in a small porcelain crucible, to a 
dull red heat, as long as any heavy white fumes are observed 
to rise from the mass. The chloride of potassium remains. 

(5.) In order to identify the products obtained as com- 
pounds of the metals they are supposed to contain, subject 
them, severally, to the following tests : — 
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{a) Sulphide of arsenic. — Boil the precipitate in a porcelain 
basin, with a mixture or three volumes of hydrochloric, and 
one volume of nitric acid. The sulphide is thereby con- 
verted into sulphur (which first separates out in flakes, and 
then runs together into viscid globules) and sulphuric and 
arsenic acids, which pass into solution. Remove the 
sulphur, evaporate off the bulk of the excess of reagents 
used, super-saturate the residual liquid with ammonia, and 
add sulphate of magnesia : there will be formed a white crys- 
talline precipitate, consisting of arseniate of ammonia and 
magnesia Mg(NH4)As046H20. 

{p) Sulphide of bismuth, — Boil the precipitate in a porcelain 
basin, with strong (fuming) hydrochloric acid, until it is dis- 
solved with exception perhaps of a little sulphur, which may 
separate out. The solution contains the bismuth as chloride, 
BiCls. Evaporate to a small bulk, so as to expel as com- 
pletely as possible the excess of hydrochloric acid left, and 
then pour the residue into about fifty or a hundred times its 
volume of water. A copious white precipitate .is formed, 
consisting of basic chloride of bismuth^ Bids -|-xBi(H 0)3. 

{f) Sulphide of iron. — ^Treat the precipitate with cold 
dilute hydrochloric acid, which should dissolve it completely 
into a colourless solution of ferrous chloride. (If a black 
residue is left, this shows that the bismuth had not been 
completely separated out by means of sulphuretted hydro- 
gen.) To the ferrous chloride solution add some drops 
of nitric acid and boil : it will thereby be converted into a 
« solution oi ferric chloride^ which is intensely yellow in the 
heat, and which, when mixed with excess of ammonia, gives 
a brown precipitate of ferric hydrate. 

{d) Carbonate of calcium, — ^Treat the precipitate with acetic 
addj so as to convert it into a solution of acetate of calcium. 
The solution, when moderately diluted with water and then 
mixed with sulphuric acid^ remains clear. When mixed with 
oxalate of ammonia it gives a white precipitate of oxalate of 
calcium. 
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{e) The chloride of potassium can be identified by means 
of the spectrara apparatus. (See Exer. VII.) It ought to 
be completely soluble in water ; as a rule, however, the 
solution is turbid from impurities out of the reagents and 
glass vessels used in the separations. Filter oflf the dregs, 
add bitartrate of sodium solution, and stir up violently. A 
colourless crystalline precipitate will be formed, consisting 
of bitartrate of potassium. The series of operations detailed 
under (i), (2), (3), and (4) separates from one another, not 
only arsenic, bismuth, iron, calcium, and potassium, but 
applies equally and with an analogous effect to the nitrates, 
chlorides, sulphates (and other classes of salts, but not to 
all salts) of five distinct groups of metals, of which, in 
this exercise, the metals named are chosen as representative 
members. These groups comprise respectively : — > 
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and each group, besides those enumerated, some other metals 
of comparatively rare occurrence. 



II.— METALS. 



1. In this division we propose to give the leading physical 
and chemical properties of metals, and their most important 
oxides, hydrates, and salts; and to show how each metal may 
be searched for and identified by dry-way tests, and by the 
reactions of the aqueous or acid solutions of its salts. With 
respect to the latter it is to be observed that these reactions, 
even those which are founded on the formation of com- 
pounds (say, precipitates) consisting only of the metal and 
elements introduced by the reagents, are not generally in- 
dependent of the nature of the acid (or acids) from which 
the salt is derived ; nor, what is more obvious, of other salts 
which may be present. Hence, in strictness, we ought not 
to speak of the reactions of * the salts ' of a metal generally, 
but only of that group of salts to which our reactions ap- 
ply. In giving in the subsequent chapters, the 'reactions 
of the solutions of the salts of a metal,' we have in view 
chiefly the chloride, bromide, nitrate, and sulphate. Most 
of the reactions, it is true, are much more generally appli- 
cable, especially those founded on the formation of in- 
soluble sulphides ; but, on the other hand, there are many 
clas3es of salts to which the reactions would not apply. 
They would generally not hold for solutions of cyanides^ 
and many other organic salts; very often not for the 
fluorides and p)Tophosphates ; and are never meant to 
apply to the sulpho-salts. The following instances may 

serve to warn the student against hasty generalizations ; — 
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Solutions of most ordinary mercuric salts when mixed with 
caustic potash give a precipitate of mercuric oxide ; mercuric 
cyanide, however, is not precipitated by the alkali Solu- 
tions of copper salts are generally precipitated by sulphur- 
etted hydrogen ; but the solution of the double cyanide 
of cuprosum and potassium is not affected by sulphuretted 
hydrogen ; ferrocyanide of potassium, although a ferrous salt, 
gives no precipitate with sulphide of ammonium, ammonia, 
or carbonate of ammonia. Ferric salts, generally speaking, 
when mixed with ammonia give a precipitate of ferric 
hydrate ; but ferric tartrate is not precipitated by this re- 
agent A solution of fluoride of antimony gives no precipi- 
tate with sulphuretted hydrogen. These examples might be 
extensively multiplied. 

In Division III. we shall show that all the metals ex- 
isting in any given substance can, by proper processes, be 
converted into such salts as are within the reach of the 
reactions detailed in Division II. 



A. COPPER GROUP. 

Silver, Mercury, Lead, Copper, Bismuth, Cadmium 

(Palladium). 

Silver. 

2. Silver is a white metal, soft, very malleable ; specific 
gravity 10*5 ; fuses at a bright red heat (1000® C.) \ is not 
altered in pure air. When kept in fusion in air or oxygen 
it is not oxidized, but absorbs (up to 22 times its volume 
of) oxygen, which separates out as the metal begins to 
solidify, giving rise to the phenomenon of * spitting.' A few 
parts in the thousand of copper, lead, or other foreign 
metals, deprive silver of this power of absorbing oxygen. It 
is not acted on sensibly by dilute hydrochloric or sulphuric 
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acid. Dilute nitric acid easily dissolves silver, changing it 
into nitrate AgNOs, a readily soluble colourless salt. Nitro- 
hydrochloric acid changes silver into insoluble chloride, 
AgCl. 

Oxide of ailTer, AgsO, formed by precipitating a solution 
of a silver salt with one of caustic potash, is a brown or 
violet powder, slightly soluble in water (the solution has a 
feebly alkaline reaction), and easily soluble in ammonia. 
Oxide of silver, when heated to dull redness, readily breaks 
up into metal and oxygen. It neutralizes all acids, forming 
silver salts, of which the great majority are neutral and 
normal. There are very few acid or basic silver salts known. 

3. fieactioiiB. — Solutions of silver salts when mixed with 
hydrochloric add give a white curdy precipitate of chloride, 
AgCl, absolutely insoluble in water and dilute acids gener- 
ally, but slightly soluble in hydrochloric acid ; easily soluble 
in ammonia, from which solution it can be reprecipitated by 
saturating the ammonia with an acid. All insoluble silver 
salts, except the iodide Agl and sulphide Ag2S, are soluble 
in ammonia. Sulphuretted hydrogen precipitates black 
sulphide of silver, insoluble in water, in cold dilute acids, in 
ammonia, and in sulphide of ammonium. Sulphide of silver, 
when boiled with nitric acid, is changed into nitrate. 
Silver salts, when heated on charcoal with carbonate of soda^ 
yield a malleable bead of metal and no oxide-ring. 

Lead, 

4. Lead has a grey colour ; is very sofl, and nearly devoid 
of elasticity; specific gravity 11*4; melts at 330° C. ; at a 
white heat it is slowly volatilized ; in contact with air it is, 
at ordinary temperatures, slowly covered with a film of dark- 
coloured sub-oxide; when heated to redness in air it is 
pretty rapidly dianged into oxide. Dilute nitric acid 
changes lead into nitrate, Pb(N03)2, soluble in water, less 
so in nitric acid. Nitro-hydrochloric acid changes it into 
sparingly soluble chloride, PbCl2. 
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5. Oxide of lead (litharge), PbO, is yellow ; when heated 
it grows darker in colour ; at a red heat it fuses. 

Hydrate of lead, Pb(H0)2 = PbOHjO, formed by addi- 
tion of caustic potash to a solution of a lead salt, is a white 
powder, which, when heated, loses water and is changed 
into oxide. It is easily dissolved by nitric and many other 
acids ; also by potash. 

Bed oxide (minium), Pbs04, is formed by keeping the 
yellow oxide in air at a dull red heat At higher tem- 
peratures it is changed into oxygen and yellow oxide. 
Dilute nitric acid converts it into a solution of nitrate and 
insoluble peroxide, PbOj. 

6. Peroxide of lead, PbOa, is a brown powder, insoluble 
in water, and in dilute acetic and nitric acids. Hydrochloric 
acid, especially in the heat, converts it into chloride, 
chlorine being liberated ;— PbOj + 4 HCl=PbCl2 + CI2 + 
2 H2O. When heated to redness it breaks up into oxygen 
and yellow oxide. 

7. Lead salts are formed by the union of the oxide 
(PbO) with acids, with elimination of water. The solutions 
of the neutral salts do not change the colour of litmus 
paper. There is a great number of basic lead salts, mostly 
sparingly soluble in water. (Basic acetate is soluble, and 
has an alkaline reaction to test-papers.) 

8. Beactioiis of solutions of lead salts. — Sulphuretted hy- 
drogen precipitates black sulphide (PbS), insoluble in water 
and cold highly dilute acids, in sulphide of ammonium and 
in ammonia. Boiling hydrochloric acid converts sulphide 
of lead into chloride ; hot nitric acid, into nitrate and sul- 
phate (there is the more sulphate formed the stronger the 
acid). Boiling dilute (20%) sulphuric acid converts it into 
sulphate, which remains undissolved. Hydrochloric acid 
precipitates chloride, PbCla, which is difficultly soluble in 
cold, easily in hot, water (a hot concentrated solution de- 
posits, on cooling, crystals of chloride), little soluble in cold 
dilute acids, insoluble in ammonia. Hydrochloric acid is a 
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characteristic but not very sensitive reagent for lead. 
Sulphuric acid precipitates white sulphate, PhSO*, nearly 
insoluble in water and still more insoluble in dilute sulphuric 
acid and in alcohol.; readily soluble in hot hydrochloric 
and in hot nitric acid. 

Dry-way test. — Lead-salts when heated on charcoal with 
carhoncUe of soda in the reducing flame, yield a malleable 
bead of metal and a yellow oxide-ring. 

Mercury, 

9. Mercury is the only metal which is liquid at ordinary 
temperatures ; it solidifies at — 39° C; boils at 357° C, and 
is changed into a colourless vapour ; specific gravity at 4° C. 
= 13-596. It has a silvery-white colour, and is not changed 
in air of ordinary temperature. At temperatures near its 
boiling point it slowly takes up oxygen firom the air, and is 
partially converted into red oxide, HgO; at considerably 
higher or lower temperatures the metal is not affected. 
Nitric add in the cold gradually converts it into difficultly 
soluble mercurous nitrate, which, by an excess of nitric acid 
and heating, is changed into easily soluble, non-c^stallizable 
mercuric nitrate. Nitro-hydrochloric acid, on heating, changes 
it into the soluble chloride HgCU (corrosive sublimate). 

10. Mercuric oxide, HgO, is prepared by heating any 
mercury nitrate, when it remains as a crystalline mass, red in 
the cold, black in the heat. When strongly heated, it breaks 
up into metal and oxygen. Mercuric oxide can also be pre- 
pared by precipitating solutions of mercuric salts with caustic 
potash j thus prepared it is an orange-yellow powder. It is 
insoluble in water ; it unites with acids to form mercuric salts. 

11. Mercurous oxide, Hg20, formed by the action of 
caustic potash on mercurous chloride, is a black powder. 
In the light it gradually breaks up into metal and red oxide. 
It is insoluble in water; it combines with acids to form 
mercurous salts. 

12. fieactiouB of mercniy-icalte generally. — All mexcMTY- 
salt^ when Aaa/af, either volatilize undecomposed [ex.; 
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the haloids HgCl, HgCl2, Hgia ; the sulphide), or they are 
decomposed in such a way that mercury goes off as metal. 
In case of mercury-salts of non-volatile acids, the acid, or a 
decomposition product of it, remains {e,g. phosphate leaves 
phosphoric acid ; chromate leaves chromic oxide). All 

mercury-salts, when mixed with carbonate of soda and 
heated in a bulb-tube, yield a sublimate of metallic mer- 
cury. In case of small quantities the sublimate forms 
a grey ring, which, when scraped together, unites into 
distinct globules. The smallest traces of such a mercury- 
sublimate may be identified by heating it gently in iodine 
vapour, when it will be converted into mercuric iodide, 
which is yellow at first but soon becomes red, especially 
when rubbed with a glass rod. Acid solutions of mercury 

saltSy when treated with metallic copper^ give a deposit, ad- 
hering to the copper, of metallic mercury, which either is 
silvery white or becomes so when gently rubbed with paper. 
The copper strips, after being washed and dried, when 
heated in a tube, yield a sublimate of metallic mercury ; while 
the copper regains its natural colour. In this test the pres- 
ence of nitric or other oxidizing acids should be avoided. 

13. Beactions of solutions of mercnrous salts. — (Salts of 

* Mercurosum.') — Hydrochloric acid precipitates all the 
metal as mercurous chloride HgCl (calomel); insoluble 
in dilute acids in the cold ; soluble, through being changed 
into mercuric chloride, in nitro-hydrochloric acid ; converted 
by ammonia into a black insoluble substance NHsHgCL 

Sulphuretted hydrogen gives a black precipitate, which is a 
mixture of mercuric sulphide and metal. Hot nitric acid ex- 
tracts from this precipitate the metal and leaves the sulphide. 
Ammonia gives a black precipitate of varying composition. 

14. Beactions of solutions of mercuric salts. — (Salts of 

* Mercuricum.') — Hydrochloric acid giwts no precipitate. 
Sulphuretted hydrogen, when gradually added, gives first a 
white precipitate, which, on fiuther addition of the reagent 
becomes yellow, orange, and at last, when there is an excess 
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of reagent, black. The precipitate, then, is sulphide, which 
is insoluble in water, in cold dilute acids, in sulphide of 
ammonium, and in boiling nitric acid. Nitro-hydrochloric 
add converts it into soluble mercuric chloride, HgClj. 
Ammonia^ when mixed with a solution of mercuric chloride, 
gives 'white precipitate,' NH2Hg''Cl. 

Copper. 

15. Pure metallic copper has a pale red colour; it is 
extremely tenacious and ductile; specific gravity =8*9. It 
is diflficultly fusible (at ab. 1400° C), and not at all volatile, 
on charcoal before the blowpipe. Copper remains unaltered 
in dry air ; in moist air it is slowly covered with a green 
fihn of carbonate. When heated in air to dull redness it is 
changed, first into red cuprous oxide CU2O, then into black 
cupric oxide CuO. If copper is fused in presence of air the 
suboxide formed unites with the metal ; hence most samples 
of commercial copper contain a little oxygen. The physical 
properties of copper are profoundly modified by even small 
admixtures of certain foreign elements. Nitric acid easily 
dissolves copper : the solution contains nitrate Cu(N03)2. 
Nitro-hydrochloric acid changes it into soluble chloride, CUCI2. 

16. Cupric oxide, prepared by heating copper in oxygen, 
or heating the nitrate, is a black solid, infusible at a bright 
red heat When heated in a current of hydrogen, or car- 
bonic oxide, it is easily reduced to metal. Cupric oxide is 
insoluble in water ; dilute acids dissolve it forming cupric 
salts. Most cupric salts have a blue or green colour. 

17. Reactions of solutions of cupric salts. — Hydro- 
chloric acid gives no precipitate. Sulphuretted hydrogen 
precipitates black sulphide, CuS ; insoluble in water and in 
cold dilute acids generally; insoluble in boiling dilute 
sulphiuic, and scarcely attacked by boiling (20%) hydro- 
chloric acid; very little soluble in sulphide of ammo- 
nium ; soluble, as nitrate, in hot nitric acid ; and, as chloride, 
in nitro-hydrochloric acid. Ammonia gives a pale 
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blue precipitate of basic salt, soluble in excess of am- 
monia, forming a deep blue solution. Ferrocyanide of 
potassium gives a brown precipitate, insoluble in HCl. This 
test is extremely delicate. Metallic irofi, from slightly 
acid (and metallic zinc from acid or alkaline) solutions, pre- 
cipitates metallic copper. If the reaction is performed in a 
platinum basin, the copper forms a coating on the platinum, 
so that it is accessible to further examination. Dry-way 
tests, — Copper-compounds when heated with carbonate of 
soda on charcoal in a reducing flame, yield metallic copper, 
in the shape of small scales disseminated throughout the 
flux; there is no oxide-ring formed. When fused with 
borcuK in the oxidizing flame, they )deld a transparent green 
glass, which, when exposed to' the reducing flame, becomes 
brown-red and opaque. The reduction succeeds more easily 
on addition of a trace of binoxide of tin. 

18. CuprouB salts. — A solution of cupric chloride in hydrochloric 
acid, when treated with metallic copper, air being excluded, becomes 
first coffee-brown and at last colourless. The liquid then contains 
all the metal as cuprous chloride, CuCl, which, on addition of much 
water, is precipitated as a white powder. An ammoniacal solution of a 
cupric salt is, by prolonged contact with metallic copper, decolourized 
and changed into one of cuprous salt. Solutions of cuprous salts are 
colourless ; when exposed to the air they eagerly absorb oxygen, with 
formation of cupric salt. 

Bismiith. 

19. Bismuth is reddish-white, of a crystalline structure, 
and so brittle that it can easily be powdered in a mortar ; 
specific gravity = 9 -8. It fuses at 264° C ., and can by a strong 
heat be volatilized. At ordinary temperatures it is not 
changed by contact with air ; when heated in an oxidizing 
flame it bums with a blue flame and forms yellow oxide, 
Bi203. Nitric acid easily dissolves it ; the liquid contains 
bismuth nitrate, Bi(N03)3 dissolved in nitric acid. Nitro- 
hydrochloric acid converts it into the chloride, BiCl^. 

20. Bismuth oxide^ Bi20s, as produced by burning the 
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metal or igniting the nitrate or hydrate, is a yellow powder, 
which, on heating, deepens in colour, and can be fused at 
higher temperatures. When heated in hydrogen it is re- 
duced to metal. It is insoluble in water. 

Bismutli hydrate, Bi(HO)s, prepared by precipitating a 
solution of a bismuth-salt with ammonia, is a white powder 
insoluble in water, insoluble also in aqueous alkalies and in 
ammonia; when boiled with caustic potash it becomes 
yellow. The oxide and hydrate combine with acids to form 
'bismuth salts.' 

21. ReactioiiB of bismuth-salts. — All normal bismuth- 
salts when treated with water are either not dissolved at all 
or are decomposed into an insoluble basic salt, and a solu- 
tion of free acid holding a part of the oxide in solution. 
The basic salts produced by small quantities of water can 
be dissolved in nitric or hydrochloric acid, but if the 
quantity of acid added was not too large, the solutions are 
again precipitated when largely diluted with water. The 
reaction succeeds best with the chloride. Bismuth chloride, 
or a solution of the same in {not too much) hydrochloric acid 
when largely diluted with water, is decomposed into in- 
soluble basic chloride, containing the whole of the metal, 
and into hydrochloric acid. (The precipitate is not dis- 
solved by a solution of tartaric acid ; the precipitate got by 
treating antimony trichloride, SbClj, with water is dissolved 
by tartaric acid solution.) A solution of a bismuth-salt in 
dilute acid behaves to reagents as follows : — Sulphuretted 
hydrogen precipitates black sulphide, Bi2S8 j insoluble in cold 
dilute acids and in sulphide of ammonium ; easily dissolved, 
as nitrate, by hot nitric acid \ and, as BiClj, by hot hydro- 
chloric acid, scarcely attacked by boiling 20% sulphuric 
acid. Ammonia precipitates white hydrate, insoluble in 
excess of the reagent. Iodide of potassium precipitates, 
from nitrate, brown of Bi I3 soluble in excess of the iodide. 
[A neutral or slightly acid solution of nitrate of lead^ when 
mixed with iodide of potassium, gives a lemon-yellow pre- 
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cipitate (Pbia), which on boiling dissolves, and, if the liquid 
be then allowed to cool, crystallizes out again in beautiful 
yellow laminae. The slightest admixture of bismuth salt 
discolours these crystals in the direction of orange or brown. 
(Abel and Bloxam. ) Dry-way test. — A bismuth compoimd, 
when fused with sodium carbonate on charcoal in a reducing 
flame, yield a brittle bead of bismuth and a yellow oxide-ring. 

Cadmium. 

23. Cadminm is white, somewhat soft, and ductile; it 
fuses at 320° and boils at 860.® It is not changed by contact 
with dry air at ordinary temperatures ; when strongly heated 
it bums, producing a brown smoke of oxide, CdO. Cad- 
mium does not decompose water ; strong hydrochloric and 
dilute sulphuric acids dissolve it slowly, with evolution of 
hydrogen. Nitric acid dissolves it, forming the nitrate, 
Cd(N03)2, and ammonium nitrate ; nitro-hydrochloric acid 
changes it into soluble chloride, CdCla. 

24. Cadminm oxide, CdO, prepared by burning the metal 
or heating the nitrate, is a brown powder, infusible at a red 
heat, and non-volatile. When heated in a current of hydro- 
gen or on charcoal it is reduced to metal. 

25. The hydrate, Cd(H0)2, prepared by precipitating the 
solution of a salt with caustic potash, forms a white powder, 
insoluble in water. The oxide and hydrate unite with acids 
and form salts. 

26. Reactions of Solutions of Cadmium-salts. — 
Sulphuretted hydrogen precipitates yellow * sulphide, CdS, 
insoluble in very dilute cold acids, — ^though not to the same 
extent as the other sulphides of this group ; insoluble also 
in sulphide of ammonium, and in ammonia. Boiling dilute 
sulphuric acid, as well as hydrochloric acid, decomposes tlie 
sulphide, with evolution of sulphuretted hydrogen and forma- 
tion of soluble salts. Ammonia gives a white precipitate 
of hydrate, soluble in excess. Dry-way test. — Cadmium 

* All the other sulphides of the group are dark-brown or black. 
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salts, when fused with carbonate of soda on charcoal in a re- 
ducing flame, are reduced to metal, which is completely vola- 
tilized, and, on passing through the oxidizing portion of 
the flame, changed into oxide, part of which is deposited 
on the charcoal as a brown ring. 

Summary and Additions, 

27. The metals of the copper group are without action at 
any temperature on water or steam, and (with exception of 
caamiunij which is slowly dissolved with evolution of hydro- 
gen) are not attacked, in absence of air, by even boiling 
dilute sulphuric or hydrochloric acid. Concentrated sulphuric 
add, in the heat, converts them into sulphates according to the 
general equation: Me-f 2H2S04=Me''S04+S02+2H20. 
They are all dissolved, as nitrates, by nitric, and, as chlorides, 
by nitro-hydrochloric acid. 

28. The oxides of the group, when heated to redness in an 
atmosphere of hydrogen or carbonic oxide, those of silver or 
mercury when heated even in oxygen, are reduced to metal. 

29. From the solutions of their chlorides or sulphates, the 
metals are all completely precipitated, as such, hy metallic zinc. 

30. From the neutral, alkaline or sufficiently dilute acid 
solutions of their salts, the metals of the copper group are 
completely precipitated, as sulphides, by sulphuretted hydro- 
gen; the sulphides are insoluble in water and in highly dilute 
acids, insoluble also in ammonia, in carbonate of ammonia 
and in sulphide of ammonium. * By these reactions the group 
can be distinguished, and separated, from all other metals. 

31. Supposing the metals of the copper group (or their 
oxides) to be severally treated with hot nitric acid, they all 
dissolve, the mercury — ^in general — as a mixture of mercur- 
ous nitrate, Hg20N206 and mercuric nitrate, HgON205 ; 
the bismuth as Bi(N03)3 the silver as AgNOs, the rest as 
Me''(N03)2 ; f of these nitrate solutions, those of silver and 
lead only can be evaporated to dryness without fear of 



* Comp. 1 17. t Comp. % 23. 
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decomposition, but they can all, by cautious evaporation 
at a gentle heat, be converted into very concentrated solu- 
tions of the nitrates in nitric acid. 

32. Supposing these residues to be severally treated with 
much water, then — 

The silver y lead^ cadmium^ and copper salts simply dissolve ; 

while 
The mercury and the bismuth salts are decomposed, with 

formation oi insoluble basic nitrate, which, in each case, 

can be re-dissolved by nitric acid. On addition to the 

turbid liquids oi chloride of sodium^ 
The mercurous salt is completely converted into insoluble 

chloride, HgCl, 
The bismuth salt (patrtially at least) into insoluble oxy- 

chloride, and 
The mercuric salt dissolved, with formation of HgClj. 

33. Solutions of the several nitrates in water, or dilute nitric 
acid, when mixed with hydrocliloric add, behave as follows : 

The silver is completely precipitated as chloride, insoluble 
in acids, soluble in ammonia ; from the ammonia solu- 
tion the chloride can be reprecipitated by means of 
nitric acid ; 

The mercurosum is completely precipitated as calomel, 
HgCl, which is insoluble in cold dilute acids, but by 
the action oi ammonia converted into a blcuk insoluble 
substance. 

The lead {from, sufficiently strong solutions) is partially pre- 
cipitated as chloride PbCl2, which is easily soluble in 
boiling water, but not dissolved (or discoloured) by am- 
monia ; 

The bismuth^ from strong solutions containing little free 
acid, may be partially precipitated as oxychloride. 

No other metallic nitrates (except thallious) yield pre- 
cipitates of chlorides on addition of hydrochloric acid. 

34. Metallic nitrates generally, when repeatedly evapo- 
rated with strong hydrochloric actd^ are (substantially at 

least) converted into chlorides. 
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35. Supposing this operation to have been applied to the 
nitrates of those metals of the copper group which are 
not completely precipitated by hydrochloric acid, and the 
chloride solutions to have been concentrated by evapora- 
ation, as far as possible, without decomposing the chlorides,* 
the residues will consist of (aqueous hydrochloric acid and) 
BiCl„ PbCl„ HgCla, CuCli CdCl,, respectively. 

Supposing these to be treated with much water, then 
The bismuth is completely precipitated as basic chloride ; 
while 

All the other chlorides simply dissolve. 

36. If the resulting (clear or turbid) solutions are saturated 
with sulphuretted hydrogen^ the metals are completely pre- 
cipitated as sulphides. 

The behaviour of these sulphidas to hot dilate mineral 
adds is as follows : — 



Boiling 20% 
Bnlphnzlo Add. 


Dissolves 


Leaves undissolved 


CdS as CdSO*. 


Bi,S,t, CuS, HgS, 

as such ; 

PbS as PbSO*. 


Boiling 20% 


CdS, Bi,S„ PbS as 

chlorides 

(PbSO* as such). 


CuS,t HgS. 


Boiling (pure) 

Vltrlo Add of I *2 

sp.gr. 


AU, except HgS, as 
nitrates. 


HgS. 


Boiling Aqua Begla, 
or Hydrochloric 
Acid on addition of 
Chlorate of Potash. 


All as chlorides. 


None. 



NoTB.— Sulphate oflead, from its solution in hydrochloric acid, is reprecipitated 
on moderate dilution with water. 



* Remember that chloride of bismuth, although non-volatile from its acid solution, 
is volatilized when heated by itsel£ \ SUght\y aXXax^t^ 
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37. Lead and Mercarosnm are the only metals of the 
copper group * which from acid solutions of their salts are 
precipitated by sulphuric acid. 

38. Behaviour of drm/^/;^ to solutions of 

Lead, ^ 

BismntlL v^ White precipitate, insoluble in excess of 

Mercnricum 



r ammonia. 



(Black precipitate, insoluble in excess of 
MercnroBum, j ^^^^„j^ 

Silver, ) Precipitate, soluble in excess of ammonia, 

Oadmimn, j giving a colourless liquid. 

J Pale blue precipitate, soluble in excess of 
*^^' \ ammonia, giving a dark blue liquid. 

From the above data (and what was said in Exercise 
XXXII.) we see our way to more than one method for the 

39. Exhaustive Examination of a solution of Salts for 
Metals of the Copper group. 

To students who have not yet got far enough advanced 
to invent their own methods, we recommend the following 
process, in the explanation of which, to avoid circumlocution, 
we will suppose all the metals of the group to be present, 
say as nitrates. 

Begin by adding to the solution hydrochloric cudd^ drop 
by drop, shaking up violently after each addition, until the 
precipitate no longer increases, wash the precipitate by de- 
cantation with cold water, and filter the decanted liquids. 
How the precipitate can be examined for lead, silver, and 
mercurosum follows at once from what was stated in §§ 

33» 37- 
To separate out of ^^ filtrate (from the chlorides) what 

is left of the group, first of all test for nitric and other 

* A precipitate formed in a complex solution of salts may contain, besides the two 
metals named, also barium, strontium, and possibly calcium. 



Copper Group. 45 

oxidizing acids by adding to a portion of the liquid one drop 
of indigo solution and heating : if the indigo is decolourized 
— which indicates the presence of the class of acids named 
— evaporate the filtrate to a small volume, add some fuming 
hydrochloric acid, evaporate again, and after having thus 
converted the metals into chlorides, dilute with water and 
precipitate completely with sulphuretted hydrogen. This is 
best done in a flask, and the precipitation may be looked 
upon as completed, if the liquid, after having been violently 
shaken, smells strongly of the gas, and a filtered portion, 
when largely diluted with sulphuretted hydrogen water, 
undergoes no visible change. Wash the precipitate, first 
two or three times with cold very dilute sulphuretted hydrogen 
water, and then completely with hot water. To extract 
the metals of the arsenic group, digest the precipitate with 
yellow sulphide of ammonium, in a flask, filter off" what is 
left, and wash again. The precipitate now consists (poten- 
tially) of the sulphides HgS, PbS, BiaS,, CuS, CdS. To 
separate these metals, mix the precipitate with 20% hydro- 
chloric acid^ pass through the mixture some bells of 
sulphuretted hydrogen (to resulphurize any copper that may, 
by the action of the air, have passed into solution), boil for 
some minutes, dilute, filter, and wash with hot water. 
The cadmium, lead, bismuth, and a trace of the copper pass 
into the filtrate (F), while the mercuricum and the bulk of the 
copper remain in the residue (B). 

From r eliminate the bismuth by evaporating to a small 
bulk and diluting with much hot water. To the filtrate add 
a few drops of sulphuric add, evaporate to a very small bulk, 
and then dilute again moderately with water : the lead will 
be precipitated as sulphate. From the filtrate precipitate 
the ccutmium (and copper) with sulphuretted hydrogen^ and, 
if necessary, separate the washed sulphides by means of 
boiling 20% sulphuric acid : the cadmium dissolves and can 
be reprecipitated from the solution by sulphuretted hydrogen. 
The residual sulphide of copper can be dissolved by means 



46 Metals. 

of hot hydrochloric acid and a granule of chlorate of potash, 
and be identified by means of ferrocyanide of potassium. 

To examine B, dissolve it in hot hydrochloric acid, with 
the help of some chlorate of potash. In the solution the 
mercuricum and copper can be recognised side by side of 
each other, the former in one portion by means of metallic 
copper or. stannous chloride (which, in solutions of HgCU 
produces a precipitate of HgCl) ; the copper in another by 
means of ammonia (comp. §§ 12, 17). 'Ylo separate \h&\:^o 
metals, heat the solution with phosphorous acid to 60° C, 
the mercury is, after some time, completely precipitated as 
calomel ; the copper remains dissolved 



APPENDIX. 

40. Palladliim is a rare metal ; a constant constituent of platinum ore, 
but scarcely occurring anywhere else. The compact metal is interme- 
diate in lustre and colour between silver and platinum. It is just barely 
fusible in a forge fire, but easily in an oxyhydrogen flame ; the molten 
metal absorbs oxygen and * spits* like silver. Specific gravity of the 
hammered metal ^12 (about). The metal when exposed to an atmos- 
phere of hydrogen, or — ^what is better — when used as the negative 
electrode in the galvanic decomposition of acidulated water, absorbs up 
to 0*54% of its weight of hydrogen, suffering at the same time a con- 
siderable expansion. The absorbed gas can be expelled by continued 
application of a red heat in a vacuum ; the residue differs from normal 
palladium, being spongy and comparatively brittle. Palladium is 
scarcely attacked by even hot sulphuric or hydrochloric acid; nitric 
acid dissolves it slowly without gas-evolution ;,aqua r^a dissolves it 
very readily. The solutions are brown, and contain Pd(NO,), and 
PdCl, respectively. 

41. From either the metal is precipitated as such, by phosphorus, 
sulphurous acid, copper and other reducing agents. Sulphuretted 
hydrogen gives a black precipitate of sulphide, insoluble in sulphide 
of ammonium. Iodide of potassium or hydriodic acid gives a 
black precipitate of iodide, visible even in liquids diluted to 500,000 
times the weight of the metal. Cyanide of mercury precipitates 
white cyanide PdCy,. The chloride forms double salts with the 
chlorides of the alkali-metals, composed according to PdCl^R^Cl,, and 
all soluble in water. A concentrated solution of the chloride PdCl, 
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when treated at ' a gentle heat with chlorine or aqua regia, becomes 
almost black, and, on addition of chloride of potassium, now gives 
a crimson precipitate of the composition PdC1^2KCl, which is far more 
stable than the chloride PdCl^ from which it originated. 



B. ARSENIC GROUP. 

Arsenic, Antimony, Tin (Molybdenum, Tungsten). 
Gold, Platinum (Platinum Metals, except Palladium). 

Arsenic. 

42. The metal ' Arsenicam ' possesses a crystalline struc- 
ture, and is very brittle. When pure it is steel-grey ; but in 
contact with air soon gets covered with a dark-coloured 
dull coating of a sub-oxide, which, when boiled with water, 
breaks up into metal and a solution of the trioxide, AS2OS. 
Specific gravity = 5*96. When heated in a sublimation- 
tube, the metal, at a temperature below dull redness, vola- 
tilizes without first melting ; the vapours condense in the 
upper part of the tube into a * mirror.' When heated in a 
large test-tube or in a draught-tube {i,e. with much air) it is 
readily oxidized into vapour of trioxide AsjOs which, in 
the colder parts, condenses, forming colourless, transparent, 
sparkling crystals. Dilute hydrochloric or sulphuric acid 
does not act much on (pure) arsenicum ; concentrated sul- 
phuric acid converts it into AsjOa, sulphurous acid being 
evolved. Nitric acid changes it, first, into the trioxide, and 
then into arsenic acid HgAsO^. 

43. The Trioxide AsjOa (* white arsenic'), if recently 
prepared on a large scale by sublimation, forms colourless, 
translucent, amorphous cakes, very tough and difficult to 
break, which, after some time, become crystalline, opaque 
(porcelain-like), and brittle. It is in the latter shape that 
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the oxide usually occurs in commerce. The amorphous 
variety dissolves in 50 parts of cold and in 10 parts of boil- 
ing water; the crystalline variety is less soluble. It is 
easily soluble in hydrochloric acid ; the solution contains, 
in general, AsCla beside AsjOa ; the former predominating 
the more the stronger the acid. . On distillation the chloride 
passes over, with the last fractions of the menstruum. By 
the action in the heat of strong nitric acid, or of aqua regia, 
or of hydrochloric acid and chlorate of potash, the trioxide 
is readily oxidized into arsenic acid. The oxide easily 
dissolves in aqueous caustic potash or soda, and in aqueous 
alkaline carbonates, being converted into arsenite, Ar- 

senious oxide vapour, when passed over red-hot charcoal^ is 
reduced to metal. By this reaction the least fragment of the 
oxide may be identified with perfect certainty. (Compare 
Exercise V.) 

44. Arsenic a.cid H3ASO4, forms colourless crystals, easily 
soluble in water. When heated by itself it is dehydrated, 
and thus reduced to pentozide AsgOc a white mass which 
at an incipient red heat fuses, and at a higher temperature 
breaks up into trioxide and oxygen. Arsenic acid is tribasiCy 
but 2KHO or 2NaH0 (for 1H3ASO4) suffices to neutralize 
its action on litmus. 

Reactions of solutions of Arsenious and Arsenic Acids. 

45. Arsenious solutions. — An aqueous solution of the 
* acid ' (/>. a solution of AsgOs in water), when mixed with 
sulphuretted hydrogen^ assumes a yellow colour ; on addition 
of hydrochloric acid a yellow precipitate of the sulphide, 
AS2S3, is formed, which, if there be enough of the reagent, 
contains the whole of the metal. Solutions of arsenites, 
when acidified with hydrochloric acid, behave in the same 
way. The sulphide precipitate does not oxidize in contact 
with air ; it is very slightly soluble in sulphuretted hydrogen 
water, easily soluble in solutions of sulphide of ammonium^ 
and in those of the carbonates of, or of caustic, ammonia. 
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From these solutions it is reprecipitated on the alkalies 
being saturated by hydrochloric acid. Arsenic tersulphide 
is scarcely attacked, at ordinary temperatures or at a gentle 
heat, by even fuming hydrochloric acid. When heated with 
aqua regia, or hydrochloric acid and chlorate of potash, it is 
dissolved as arsenic add. From neutral solutions of 

alkali-arsenites, nitrate of silver precipitates a yellow silver 
salt of the composition AS2O3, 2Ag20, which is soluble in 
nitric acid, in ammonia, and in large quantities of nitrate 
of ammonia. To obtain the precipitate from a solution of 
the teroxide in water, or in very dilute nitric acid, add nitrate 
of silver, and then, by means of a glass rod, drop by drop, 
enough of highly dilute ammonia to saturate the acids, but 
no more. Metallic copper^ from hydrochloric solutions 

of the trioxide, precipitates the metal in the shape of a 
steel-grey deposit on the copper, consisting of an alloy of 
the two metals. If the arseniuretted copper be heated in 
a draught-tube, a part of the arsenicum is volatilized as, and 
obtained as a sublimate of, white arsenic. This test, 
ReinscHs^ is very sensitive. 

46. Arsenic (AS2O5) solntions. — ^An aqueous solution of 
the acid, when treated with sulphuretted hydrogen^ remains at 
first apparently unchanged, even in presence of hydrochloric 
acid ; but after some time a precipitate is gradually formed. 
A complete precipitation requires about twenty-four hours. 
At 6o'*-7o*' C, however, and in presence of hydrochloric acid, 
the precipitation begins immediately, and is soon completed. 
The yellow precipitate is a mixture of the composition 
AsjSs + S2. The precipitate obtained on acidifying an 
alkaline solution of arseniate, which has previously been 
saturated with sulphuretted hydrogen, and thus converted 
into thi-arseniate, is AS2S5. The compound AS2S5 exhibits 
pretty much the same solubility relations as the tersulphide. 
From solutions of alkali-arseniate, ' magnesia-mixture '* pre- 

* A mixture of chloride of magneuum, chloride of ammonium, and excess of am- 
monia. 

D 
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cipitates the acid, gradually, as a white crystalline double 
salt of the composition AsO^Mg^NH^ + 6H2O, which is 
slightly soluble in water, and in solutions of ammonia 
salts, but almost insoluble in dilute ammonia.* ArseniteSy 
under the same circumstances, are not precipitated. 

47. A solution of either oxide of arsenic in fuming hydro- 
chloric acid, when mixed with one oi stannous chloride in the 
same menstruum, gives a brown precipitate, consisting sub- 
stantially of metallic arsenic, but always yielding on calci- 
nation from I to 5% of stannic oxide. If the mixti^re contains 
enough of real hydrochloric acid to emit copious fumes, the 
whole of the arsenic is precipitated ; in more dilute liquids, 
a part, at least, of the arsenic remains dissolved, or there 
may be no precipitate at all. Solutions of antimony-oxides 
in hydrochloric acid do not exhibit this reaction. The test 
indicates i part of arsenic in 400,000 parts of mixture. — 
{Bettendorf) 

48. Arseniuretted hydrogen, AsH,. — ^When a solution 
of any arsenic oxide in water or acid is treated with metallic 
zinc and hydrochloric or dilute sulphuric acid (with ^nascent 
hydrogen '), a part of the arsenic is precipitated as metal, 
while the rest escapes with the excess of hydrogen as 
gaseous hydride AsH,. If the mixed gas be passed through 
a red-hot glass tube, the hydride undergoes at least partial 
dissociation, the metal being deposited at some distance 
from the heated portion of the tube in the form of a dark 
grey resplendent ^ mirror J The mixed gas burns with a 
bluish white flame (a pure hydrogen flame is barely 
visible), and deposits on a porcelain plate held in it metallic- 
looking * stains * of arsenicum. By this (Marsh's) test the 
least trace of arsenic oxide or chloride can be detected. 
The modus operandi is as follows : — 

49. Into a gas-evolution bottle of about 500-700 c.c. cap- 



* From orthophosphoric add, which behaves to magnesia salt, etc, in a precisely 
analogous way, arsenic acid is easily distinguished by means of sulphuretted hydro- 
gen, which does not act on HsPOi. 
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acity — ^which must be provided with a funnel-tube for adding 
Kquid without lifting the stopper, and the exit-tube of which 
should be connected, through a cotton- wool tube, with a long 
Aan/ glass tube about 5 mm. wide inside, and drawn out to a 
fine point at the end — ^place about 50 grammes oi granulated 
sine, and then (through the funnel) add enough of io7o sul- 
phuric* or io7o hydrochloric acid to produce a moderate 
evolution of hydrogen, which must be maintained by occa- 
sional addition of fresh acid. Wait until the gas within the 
apparatus is no longer explosive, i,e. imtil a small quantity 
of it, collected over water in a test-tube, on being kindled, 
bums quietly, the flame travelling slowly down towards the 
bottom of the tube. Now light the gas issuing from the 
drawn-out tube, heat a portion of the same tube to redness 
with a Bunsen's lamp, and in order to make sure of the purity 
of the reagents, allow the process to go on au blanc for at 
least ten minutes. If no deposit is formed in the tube after 
that time, wait first until the gas-evolution has become very 
slow, because if now the solution to be tested is poured in, 
the reaction at once increases in energy, sometimes to such 
an extent that it is necessary to moderate it by plunging the 
gas-evolution bottle into cold water. If the liquid added 
contains, however littie, arsenic, a mirror will sooner or later 
appear in the heated tube, and the flame will yield stains on 
porcelain. If no indication of arsenic is obtained within, 
say, a quarter of an hour, this element may be assumed to be 
absent Very minute quantities of arsenic may give only 
a mirror, but no stains. Arseniuretted hydrogen, when 

passed through a solution of nitrate of silver, is, at least par- 
tially, absorbed and decomposed according to the equation : 
2AsH, -f 6Ag20N20j -f 3H2O = 6Ag2 -f 6N2O5H2O -f 
AS2O,. The filtered liquid therefore, when cautiously satu- 
rated with ammonia, and mixed, if necessary, with a drop more 
of nitrate of silver, will give a yellow precipitate of arsenite 
of silver. (Comp. § 45 ; and dso § 57, under * Antimony.') 

* A stronger acid would yield HsS, which greatly interferes with the reacdoo. 



52 Metals. 

50. Many metallic arsenides, arsenites, and arseniates, 
and other arsenic compounds, when heated on charcoal in a 
reducing blowpipe flame, lose a part at least of their arsenic 
as metal, which in passing through the flame is oxidized to 
trioxide. This process is always accompanied by an in- 
tense, characteristic garlic-like smelly owing not to the metal 
or oxide AsjOs — ^but probably to a suboxide, or perhaps a 
trace of hydride, formed in the process. 

Antimony, 

51. Antimony is a gre3dsh white metal of marked 
crystalline structure, very brittle, and easily powdered in a 
mortar. Spec. grav.=6*82. It melts at 45 o"*, and when 
heated further in a stagnant atmosphere, remains practically 
unvolatilized at even a bright red heat; in a current of 
hydrogen, however, it may be volatilized within a glass tube 
at temperatures producible by means of a Bunsen's lamp. 
But its volatilization at such temperatures can be completely 
stopped by covering it with a flux, such as cyanide of 
potassium or carbonate of soda and potash, etc When 
heated on charcoal in an oxidizing blowpipe-flame it bums 
with a bluish flame and formation of a white smoke of oxide. 
When heated on charcoal in the reducing flame, it is 
gradually volatilized ; the vapour in passing out of the flame 
burns into white oxide, of which a part is deposited on the 
charcoal as a white oxide ring. This deposit, when touched 
with an oxidizing flame, is readily volatilized, without any 
previous change of colour, which distinguishes it from oxide 
of zinc. When a globule of antimony is strongly heated on 
charcoal and then left to itself, it continues glowing for some 
time and emitting the white oxide smoke, and if a current of 
cold air be directed against it by means of the blowpipe it 
continues burning like a piece of charcoal This experiment 
does not succeed if the metal is contaminated with iron or 
any other impurity causing the formation on the globule of 
an infusible coating. Th^ vapours formed in the volatiliza- 
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tion oipure antimony on charcoal by means of a reducing 
flame possess no smell, while the slightest admixture of 
arsenic will give rise to a perceptible garlic-like odour. 

52. Antimony is scarcely attacked by even boiling 20% 
hydrochloric or dilute sulphuric acid. Concentrated sulphuric 
acid in the heat converts it into trioxide, Sb20a. Hot nitric 
acid converts it into trioxide or pentoxide, Sb,Os, or a mixture 
of the two. Both oxides are insoluble in nitric acid, but 
are dissolved by a boiling solution of tartaric acid. Nitro- 
hydrochloric acid readily dissolves the metal as trichloride 
or pentadiloride (SbCl, or SbCl,). 

53. The tri-ozide Sb20, when obtained in the dry way 
consists of white crystals. When heated in absence of air 
it fuses below a red heat, and then volatilizes ; in presence 
of air it is changed into the infusible and non-volatile amor- 
phous oxide Sb204. It is easily soluble in hydrochloric 
and in tartaric acid, also in caustic potash. 

54. The terchloride SbCl,, prepared by distilling anti- 
mony with corrosive sublimate (Sba-f3HgCl2 = 3Hg-f 
2SbCl,), or by decomposing antimony sulphide with boiling 
strong hydrochloric acid, and removing the water and excess 
of acid by evaporation, is a buttery translucent mass, which 
melts at 72® and boils at 200® without decomposition. 
Water decomposes it into hydrochloric acid and antimony 
oxychloride, a white crystalline precipitate, which can be 
redissolved by hydrochloric and by tartaric acid. 

55. The pentachloride SbOls, prepared by passing dry 
chlorine over metallic antimony, is a colourless, very 
volatile liquid, which fumes in the air. Water decomposes 
it into hydrochloric acid and the hydrate Sb205.4HaO. 

56. fieactionB of a solution of antimony terchloride in 
kydrochlorie add. — ^i^^ precipitates basic chloride, soluble 
in hydrochloric and in tartaric acid (basic bismuth chloride 
does not dissolve in tartaric acid). The precipitation is the 
more complete, the less the quantity of free acid and the 
greater the amount of water added. Sulphuretted hydrogen 
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precipitates the orange red sulphide (Sb2S,+xHjO),insoluble 
in water and in highly dilute acids, soluble in sulphide of 
ammonium and in caustic potash, but almost insoluble in a 
solution oi sesquicarbonate of ammonia. Fuming hydrochloric 
acid, even in the cold, readily dissolves it as terchloride. 
From its solutions in the alkaline liquids named, the sul- 
phide can be reprecipitated by acids. The hydrated sul- 
phide, when heated to 200**, loses all its water and leaves 
anhydrous amorphous sulphide which at a higher tem- 
perature melts, and when subsequently allowed to cool 
gradually, is transformed into a black crystalline variety, 
identical with native sulphide (antimony-glance). Metallic 
zific (also iron) precipitates metallic antimony as a black 
powder without metallic lustre. If the reaction is performed 
in a platinum vessel the antimony forms a dull black coat- 
ing on the platinum ; this reaction is very sensitive. 

57. When a solution of antimony chloride or an acid solu- 
tion of Sb-oxides generally, is added to a mixture of zinc 
and hydrochloric or dilute sulphuric acid, a part of the 
antimony is precipitated, while the rest is changed into 
gaseous antimoniuretted hydrogen SbH,. The gaseous 
mixture when passed through a red-hot tube behaves like 
arseniuretted hydrogen, ie, it deposits a mirror of metaL 
The gas bums with a white flame, which deposits on 
porcelain plates stains of metallic antimony. (Comp. § 49.) 
When passed through nitrate of silver the gas is decom- 
posed in such a way that the whole of the antimony is pre- 
cipitated as black SbAg,. — 2SbH,-f3Ag20N206=2SbAg3 
-f6HN08. To detect the antimony, wash the precipitate, 
and digest it with yellow sulphide of ammonium. The 
antimony dissolves as sulphide, which, on cautious evapora- 
tion of the filtrate, remains as a brick- red mass, readily de- 
colourized by cold fuming hydrochloric acid. If arsenic be 
present, it can be detected as shown in § 49. 

58. Antimonic acid Sb20,sH20 {Fremy\ obtained by 
treating antimony with strong nitric acid, is a white powder 
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sparingly soluble in water and in ammonia, slowly soluble 
in hydrochloric and in tartaric acid. When heated to 
redness, it is decomposed into oxygen, water and tetroxide. 

59. Meta-antimonic acid Sb2054H20, obtained by act- 
ing on antimonic pentachloride with water, is more readily 
soluble in ammonia than the preceding, and is soluble also in 
a large quantity of cold water. Solutions of the acid and of 
its salts on standing are changed into, respectively, antimonic 
acid and antimonates. 

60. Add Potassium metantimonate K20,Sb20t+7H20, 
precipitates from solutions of sodium-salts, sodium metantimo- 
nate, almost insoluble in water, less soluble still in dilute 
alcohol. 

61. An acid solution of either antimonic acid (or a solu- 
tion of antimonate mixed with excess of mineral acid), 
when treated with sulphuretted hydrogen^ gives an orange-red 
precipitate of Sb2S5, soluble in alkalies and alkaline sul- 
phides, decomposed by boiling hydrochloric acid with forma- 
tion of a solution of terchloride and separation of sulphur. 

To zinc and hydrochloric acid antimonic solutions behave 
like antimonious. 

62. To distinguish between Sb20s and Sb205 the follow- 
ing reactions may be used. A solution of Sb208 in alkalies 
gives with silver nitrate a black precipitate insoluble in am- 
monia ; a solution of Sb206 gives a yellow precipitate soluble 
in ammonia. Sb205 when treated with potassium iodide and 
hydrochloric acid gives a brown solution containing free 
iodine ; Sb208 gives a colourless liquid. 

63. Blowpipe Test. — Non-volatile antimony compounds, 

when heated with carbonate of soda in the reducing flame 

on charcoal, give brittle globules of antimony, and an 

abundant white deposit of oxide ; Sb203 and Sb204. (See 

§§ 51 and 53.) 

Tin. 

64. Tin has a white colour and a strong metallic lustre. 
It is very ductile, but slight admixtures of arsenic, antimony, 
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and some other metals greatly reduce its ductility. Pure 
tin in the form of ingot is of a crystalline and yet fibrous 
texture ; when bent, it gives out a peculiar creaking sound, 
caused by the friction of the crystals against each other. 
Spec. grav. = 7-28. It melts at 230° C, and is volatilized 
at a white heat. It does not tarnish in the air at ordinary 
temperatures, but when fused in air it gets covered with a 
film of oxide ; at a stronger heat it bmns into stamiic oxide 
Sn02. Tin is dissolved by hydrochloric add, 

especially in the heat, with evolution of hydrogen and 
formation of stannous chloride SnC]2 ; dilute sulphuric acid 
dissolves it slowly ; hot concentrated sulphuric acid changes 
it into stannic sulphate; hot nitric acid converts it into 
metastannic acid, a white powder which does not dis- 
solve in the acid. When heated in chlorine it is changed 
into stannic chloride SnCU. Nitro-hydrochloric acid con- 
verts it into a solution of the same chloride. Tin is also 
dissolved in the heat, with evolution of hydrogen, by caustic 
potash ; the solution contains potassium stannate. 

65. Stannous chloride crystallizes from its aqueous solu- 
tions in large transparent colourless prisms, of the composi- 
tion SnCl2H20. The aqueous solution, when kept in con- 
tact with air, absorbs oxygen and deposits a white precipi- 
tate of oxychloride Sn20Cl2, tetrachloride being formed at 
the same time. 

66. Beactions of a solution of stannous chloride. — Sul- 
phuretted hydrogen precipitates brown stannous sulphide, 
SnS, which is insoluble in water and in highly diluted cold 
acids; insoluble also in colourless sulphide of ammonium 
(N 114)28. When treated with this reagent and sulphur, or 
wi\!^ yellow sulphide of ammonium, it dissolves ; the solution, 
when acidified, gives a yellow precipitate of stannic sulphide 
SnS2. Stannous sulphide is soluble in caustic potash, and 
from the solution is reprecipitated, by acids, as SnS. Dilute 
hydrochloric acid on boiling — fuming acid at a gentle heat 
— converts the sulphide (SnS) into a solution of the di- 
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chloride SnGlj. Caustic potash precipitates white hydrate 
2SnO.H20, soluble in excess of potash ; the solution when 
boiled yields metallic tin and a solution containing stannate of 
potash j when evaporated slowly, it deposits black anhydrous 
stannous oxide, SnO. Stannous chloride, towards many 
substances, behaves as a powerful reducing agent. From 
solutions of mercuric chloride it precipitates calomel or 
metallic mercury ; it reduces the (red) solution of chromic 
acid to (a green) one of chromic chloride ; from a (green) 
concentrated solution of cupric chloride it precipitates 
(white) cuprous chloride, etc. etc. Metallic zinc pre- 

cipitates grey resplendent crystals of metallic tin. (Metallic 
iron does not^ If the reaction is performed in a platinum 
dish, the metal is partially deposited on the platinum, as a 
grey coating, which, in presence of the least trace of anti- 
mony^ assumes a black colour. Regarding the action of 
terchloride of gold see § 73. 

67. The tetrachloride SnCU is a colourless oil of 2*2 
specific gravity, which, in contact with moist air, emits 
copious fumes. It boils at 1 1 2°. It acts violently on water, 
a small quantity of which converts it into crystals of 
SnCl43H20, which readily dissolve in more water. 

68. The solution behaves to reagents as follows : — Sul- 
phuretted hydrogen gives a yellow precipitate of the sulphide 
SnSj, which is insoluble in water and highly diluted acids, 
but soluble in caustic potash and in sulphide of ammonium, 
from which solutions it can be reprecipitated by acids. 
Stannic sulphide, while being washed with pure water, shows 
a great tendency to run through the filter ; this can be pre- 
vented by addition to the wash-water of common salt or of 
acetate of ammonia. The recently precipitated sulphide 
is readily decomposed and dissolved, as SnCU, by tepid 
fuming hydrochloric cuid; dilute acid acts similarly on boil- 
ing ; hot nitric cudd changes it into a precipitate of dioxide. 
It is slightly soluble in a solution of sesquicarbonate of am- 
monia. Caustic potash (also soda) gives a white precipi- 
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tate of hydrated dioxide, soluble in excess of the alkali. 
Ammonia precipitates the same hydrate which, by an excess 
of this reagent, is only slightly dissolved. The precipitation 
is prevented by the presence of tartaric acid. From solu- 

tions which do not contain too much free acid, certain 
alkali-salts, for instance nitrate of ammonia and sulphcUe of 
soday precipitate the whole of the tin as hydrated dioxide. 
ZinCy in presence of some free acid, precipitates the tin as 
such, A solution of hydrated dioxide* (* stannic acid ') 

in hydrochloric acid behaves to reagents like one of the 
tetrachloride in water. 

69. Metastazmic add, x(Sn022H26) (x being probably 
= S), is formed by the action of nitric acid on tin as a 
white powder, insoluble in nitric acid. Hydrochloric acid 
does not dissolve it immediately, but if the mixture be boiled 
for some time and then diluted with water, a clear solution 
is produced. This solution differs from one of tetrachloride 
in water (or hydrochloric acid) in some of its reactions. 
To sulphuretted hydrogen^ sulphide of ammonium^ potash^ 
nitrate of ammonia^ sulphate of soda^ zinc^ it behaves sub- 
stantially — ^phenomenally at least — like one of tetrachloride. 
It differs from the latter in the following points : — Sulphuric 
acid readily precipitates even a concentrated solution of the 
meta-acidy while it precipitates that of the tetrachloride only 
if it is very dilute. Carbonate of potash (from the meta- 
solution) precipitates a bulky hydrate, insoluble in excess of 
reagent, while the corresponding precipitate from the tetra- 
chloride dissolves in carbonate of potash. Tartaric acid 
does not prevent the precipitation of the meta-acid by eouess 
of ammonia, 

70. The stannic oxide, obtained by burning tin in air, and 
the native oxide (tinstone), are practically insoluble in acids. 
When fused with caustic potash in a silver crucible they are 
changed into potassium stannate, which is soluble in water. 

* i.e. of the substance precipitated from a solution of SnCU by alkalies. 
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They can be rendered soluble also by fusion with three parts 
of carbonate of soda and three of sulphur, when they are 
converted into soluble thiostannate of sodium. 

71. Dry-way tests. — Non-volatile tin compounds when 
fused on charcoal with carbonate of soda in a reducing flame 
yield ductile metallic tin, and no oxide ring. When a little 
cupric oxide is dissolved in a borax bead in the flame of a 
Bunsen's lamp, the bead is green, whether the oxidizing or 
reducing part of the flame be used ; if now the least trace of 
stannic oxide be added, and the bead heated in the reducing 
part of the flame, it becomes dark red, the cupric oxide being 
reduced to cuprous oxide. In this experiment a blowpipe 
flame must not be used, as in it the reduction may be 
effected without the addition of tin. Oxide of tin when 
moistened with cobalt solution and heated on charcoal, in 
the oxidizing flame, assumes a bluish green colour. (Comp. 
§ 188.) 

Gold. 

72. Gold has a peculiar yellow colour and great metallic 
lustre. It is very soft, and is the most ductile of metals. 
Spec. grav. = 19*3. It is somewhat more difficultly 
fusible than copper, and volatile only at the very highest 
temperatures. Before the blowpipe on charcoal it can be 
fused, but not at all volatilized. Gold is not attacked by 
oxygen, nor does it absorb it at any temperature. It is in- 
soluble at any temperature, in any one Jnire mineral acid, 
whether strong or dilute. Nitric add, holding lower nitro- 
gen oxides in solution, attacks it perceptibly, but very slowly. 
A mixture of nitric and hydrochloric adds* readily dissolves 
it as terchloride AuCla, which, by repeated evaporation 
of the solution at a gentle heat, first with fuming hydro- 
chloric acid for the removal of the excess of nitric acid, and 
then with water for eliminating the hydrochloric acid, can 

* * Aqua regia,' so called on account of its power of dissolving the king of metals. 
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be obtained pure. Alloys of gold with ordinary metals, 

the richness of which in gold exceeds certain limits, are not 
attacked by acids which would dissolve these metals when 
given for themselves. Thus, for instance, British standard 
gold (an alloy of i part of copper with 1 1 parts of gold) is 
not attacked by nitric acid. Gold is not attacked by 

fused caustic potash or soda, but fused polysulphide of po- 
tassium dissolves it, with formation of a double sulphide 
soluble in water. Finely divided gold dissolves also in an 
aqueous solution of sulphur in sulphide of potassium. 

73. Reactions of an aqueous solution of the tercMoride 
AUGI3. — Sulphuretted hydrogen produces a brown pre- 
cipitate of sulphide AU2S3, little soluble in colourless, easily 
in yellow, sulphide of ammonium ; from the solution the sul- 
phide is reprecipitated on acidification. Ferrous sui- 
phate precipitates metallic gold as a brown, sometimes as a 
purple, powder. Many other reducing agents, e,g. terchloride 
of arsenic, sulphurous acid, formic acid ; also most metals 
{e.g, copper, mercury, zinc) precipitate gold, as such, from the 
solution of its chloride ; at least they do so in absence of 
nitric acid. Stannous chloride, containing some tetra- 
chloride, produces a purple colouration, and generally also 
an intensely coloured precipitate, of * gold purple ' (purple of 
Cassius). The shade of colour depends on the relative quan- 
tities of the substances acting upon one another. The pre- 
cipitate contains gold, tin, and oxygen ; its constitution is 
not known. 

74. Most gold compounds leave on ignition a residue con- 
taining, or consisting of, metallic gold. The terchloride, 
when exposed to the temperature of melting tin, is reduced 
to aurous chloride AuCl, a white saline mass, which, by 
the action of water — slowly in the cold, but rapidly on boil- 
ing — ^is decomposed into metal and terchloride. 
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Platinum, 

75. Platinnm is a metal of a light steel-grey colour, very 
ductile, though not to the same degree as gold or silver. 
Spec grav. = 2 1 '5. Platinum is perfectly infusible at temper- 
atures producible by the blowpipe or an ordinary furnace ; 
by means of the oxyhydrogen flame it can be fused. It 
remains perfectly unaltered in air at any temperature. It is 
not attacked by hydrochloric or pure nitric acid, nor even by 
boiling concentrated sulphuric acid ; aqua regia, in the heat, 
dissolves it, forming the tetrachloride PtCU. When alloyed 
with silver it may be dissolved by pure nitric acid. The 
hydrates and sulphides of potassium and sodium, when in 
the state of fusion, attack platinum strongly; it is also 
attacked, but less strongly, by fused caustic baryta. Phos- 
phorus, also arsenic, and many metals, such as lead, tin, 
antimony, etc., when heated with platinum, unite with it, 
forming easily fusible alloys. 

76. The tetrachloride PtCU is a dark brown substance, 
easily soluble in water, forming an intensely brownish-red 
solution; very dilute solutions show a yellow colour. 
When the chloride is heated to about 300** C. it loses 
chlorine and is changed into the dichloride PtCU, a brown 
or greenish-grey powder insoluble in water, but soluble in 
hydrochloric acid, and in a solution of the tetrachloride, 
imparting to the latter a very dark colour. The dichloride, 
when strongly ignited, is reduced to metal. 

77- Beactions of the tetrachloride solution. — Sulphu- 
retted hydrogen produces a brown colouration ; after some 
time, more readily on heating,^ a black precipitate of sul- 
phide PtS2 is formed. This precipitate is somewhat diffi- 
cultly soluble in yellow sulphide of ammonium ; from the 
solution, which has a dark brown colour, it can be reprecipi- 
tated by acids. Platinum sulphide is not dissolved by nitric 
acid nor by hydrochloric acid, not even on boiling ; nitro- 
hydrochloric acid changes it into chloride. Ferrous sul- 
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phate does not reduce a solution of platinum tetrachloride, 
except on long-continued boiling. Stannous chloride^ in 
presence of much free hydrochloric acid, produces a dark 
brown-red colour, owing to the formation of some dichlo- 
ride, but no precipitate. Chloride of ammonium produces 
in not too dilute solutions a yellow crystalline precipitate of 
the composition PtCU.2NH4Cl, little soluble in water, and 
still less so in alcohol. The double chloride when ignited 
leaves a spongy mass of platinum. 

Most platinum compounds are decomposed on ignition, 
with separation of metallic platinum. 

78. Tungsten^ 

as obtained by the reduction of tungstic acid in hydrogen at a high 
temperature, is an iron-grey powder which when pressed with a hard 
body acquires metallic lustre. Spec. grav. = 17*4. It is not fosible even 
in the strongest heat of the blowpipe or an ordinary furnace. At a red 
heat it decomposes water and is changed into oxide. 

79. Tungstic trloxide WO, (usually called timgstic add). The 
hydrates are white ; the anhydrous oxide is a yellow powder. Tungstic 
acid is insoluble in aqueous acids, but soluble in caustic alkalies. After 
ignition it is insoluble in ammonia. Alkaline tungstates are soluble in 
water ; the other salts are mostly insoluble. By treatment with hydro- 
chloric acid tungstates, generally, are decomposed, with separation of 
tungstic acid. 

Reactions of Tungstates. — In solutions of alkaline tungstates, 
hydrochloric acid gives a white precipitate, which on heating becomes 
yellow. When a solution of alkaline timgstate is mixed with sul- 
phide of amfnoniunif and the mixture acidified, a brown precipitate 
of sulphide is formed ; a part of the metal, however, generally remains 
in solution as a lower oxide, which imparts to the supernatant liquid a 
blue colour. The sulphide is soluble in sulphide of ammonium, and, 
from the solution, reprecipitated by acids. If a tungstate is treated 
with zinc and hydrochloric acid a blue solution is formed, containing 
tungstate of timgstic oxide. 

80. Tungstic oxide WO, is produced by reducing the acid WoO* by 
hydrogen at a dull red heat. It is a brown substance insoluble in acids. 
By the action of hydrogen, at a strong red heat, it is reduced to metal. 
When heated in air or treated with nitric acid it is changed into the acid. 

81. Diy-way tests. — Tungsten oxides impart to the microcosmic 
saHt'heAd in the reducing flame a blue (in presence of iron, a blood red) 
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colour ; in the oxidizing flame the bead is decolourized. The borax- 
bead in the reducing flame becomes yellow, in the oxidizing flame 
colourless. Tungsten oxides, when fused with small quantities of car- 
bonate of soda or cyanide of potassium on charcoal, yield a grey powder 
of metaL With large quantities of alkali no metal is formed. 



82. Molybdenum^ 

as obtained by reducing a molybdic oxide in hydrogen, forms a grey 
powder acquiring metallic lustre when pressed with a hard body, fusible 
only at the highest temperatures producible in a blast furnace. The 
fused metal is as hard as topaz, and has a specific gravity of 8*6. When 
heated in air it is slowly oxidized, first to dioxide, at last to trioxide. 
Excess of hot nitric acid converts it into trioxide. 

83. McdylKllc ' add ' MoOt is a white powder, fusible at a red heat 
to a dark yellow liquid ; when heated to redness in a current of air it 
sublimes in colourless crystals. If not previously ignited, it is slightly 
soluble in water and easily soluble in hydrochloric acid. Whether 
ignited or not, it dissolves in the aqueous hydrates of potassium, sodium, 
and ammonium; the solutions contain molybdate. The rest of the 
molybdates are mostly insoluble in water. 

84. Beactlons of BOlutions of alkaline molybdates. — Hydrochloric 
acid gives a white precipitate, soluble in excess. If metallic zinc be 
added, the mixture, by gradual reduction of the molybdic acid, becomes 
first blue, then green, then dark brown, and at last a black precipitate 
of the oxide MoO is produced. Sulphuretted hydrogen precipitates 
acidified solutions but slowly ; the brown precipitate is trisulphide 
MoSg. A part of the metal remains dissolved as a lower oxide, impart- 
ing to the filtrate a blue or green colour. A more complete precipita- 
tion can be effected by adding to an alkaline solution sulphide of 
ammonium (or saturating it with sulphuretted hydrogen), and then 
acidifying with hydrochloric acid. The precipitated sulphide is soluble 
in sulphide of ammonium, and from the solution is reprecipitated by 
adds. If a solution of the ammonium salt is mixed with excess of 
nitric add and a trace oi ?>. phosphate^ the mixture on heating deposits a 
yellow predpitate, insoluble in excess of the acid molybdic solution, 
but soluble in solutions of phosphates. (Compare chapter on phos- 
phoric acid.) 

86. Molj^bdlc oxide MoOs as formed by igniting ammonium molyb- 
date in a close vessel, or by heating the hydrate in vckuo^ is a red 
brown substance, nearly insoluble in hydrochloric and in sulphuric 
acid, left unchanged also by a solution of potash. When heated in air 
or treated with nitric acid it is changed into the trioxide. 



64 Metals. 

86. Blowpipe tests. — Molybdenum oxides, when fused together with 
borax in the oxidizing flame, yield beads, more or less intensely yellow 
in the heat, but almost colourless after cooling. In the reducing flame 
the beads become dark brown ; if much molybdenum is present, a part 
of it separates out in the form of brown flakes of MoOa. The micro- 
cosmic salt bead, after oxidation^ is greenish, but becomes almost 
colourless after cooling. In the reducing flame it assumes a dark green 
colour, which on cooling loses intensity but gains in purity. 
Molybdic add, when heated on charcoal in the oxidizing flame, first 
melts, and is then partly volatilized, forming a sublimate which is 
yellow in the heat but colourless after cooling. The deposit, if again 
touched with the flame, is partly volatilized and partly converted into 
non-volatile M0O2, which exhibits a dark red colour (after cooling) and 
metallic lustre. When heated, on charcoal, in the reducing flame, the 
acid mostly creeps into the charcoal, and is there reduced to metal, 
which, on elutriation, is obtained as a grey powder. 

Regarding Vanadium^ see appendix to Summary, 

Summary atid Additions. 
Properties of the metals Arsenicum, Antimony, Tin, Gold, Flatinnm. 

87. Behaviour to heat. — (Within the range of temperatures 
producible with a smokeless gas or blowpipe flame.) 

a. In absence of air. 

Arsenicum, easily volatilized below a red heat, even from 
under a flux. 

Antimony, if indirectly heated, as in a sublimation-tube, 
not volatilized. In a current of gas it volatilizes 
slowly at a red heat, but not if covered with a molten 
flux, as potassium cyanide, KCy. It is easily volati- 
lized if directly exposed on charcoal to a reducing 
blowpipe flame. 

Tin, not volatile, if indirectly heated, not even in current of 
gas. If heated on charcoal with a blowpipe flame, it 
is volatilized, but much more slowly than antimony. 

88. b. In presence of air, 

Arsenicum, easily changed into volatile, crystalline, arsenious 
anhydride, AS2O3. 
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Antimony, if heated in a draught-tube, is oxidized, though 
less easily than arsenic, and is changed, first into 
volatile antimony teroxide, Sb208, and then into the 
non-volatile tetroxide, Sb204. If directly heated on 
charcoal with a blowpipe flame, it is rapidly oxidized. 

Tin, if indirectly heated, is scarcely oxidized. If directly 
exposed to a blowpipe flame it is oxidized, but much 
more slowly than antimony. 

Gold and Platinmn, under the circumstances stated, are 
non-volatile and non-oxidizable. Platinum is also 
non-fusible. The oxides, and most other compounds of 
gold and platinum are, by heating, reduced to metal. 

89. Action of Nitric Add 
Gold, 1 

Platinum, P^^^^^'^g^^- 

Arsenic, changed first into arsenious (AS2O3) and then into 
arsenic oxide ( AS2O5), both of which are soluble. 

Antimony, Tin, changed into, respectively, antimonic an- 
hydride, Sb206, and stannic anhydride, Sn02, both of 
which are insoluble in water and in nitric acid. 

Reactions of solutions of salt-like compounds (e.g. dilorides, 
oxides, etc.) of tlie metals named. 

90. Sulphuretted hydrogen, in presence of free acid, and 
supposing the latter to be diffused in a sufficiency of water, 
precipitates the metals completely as sulphides, which 
sulphides are soluble in sulphide of ammonium, and from 
such solutions may be reprecipitated by addition of acids.* 
To separate, therefore, the arsenic group from the copper 
group (and all other metals), we precipitate both groups 
together by means of sulphuretted hydrogen, wash the 
sulphides, treat them at a gentle heat with sulphide of am- 
monium (which, on account of the possible presence of 



* For precautions to be observed to secure the speedy and complete precipitation 
of certain metals, consult || 46, 77, 56, 45, 26, 36 ; also last chapter of Div. II. 
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stann^^x, platinum, and gold sulphides, must contain an 
excess of sulphur), filter, and acidify the filtrate with hydro- 
chloric acid, when the sulphides of the arsenic group will be 
separated out along with free sulphur. To effect as com- 
plete a separation as possible, the digestion with sulphide of 
ammonium should be done at a gentle heat and be repeated 
several times. A precipitate obtained in the way 

described may consist merely of sulphur (in which case it 
presents a milky appearance, while even a small ad- 
mixture of a metallic sulphide renders it curdy and dis- 
coloured) ; on the other hand, it is liable to contain small 
quantities of sulphide of copper. See § 17.* 

Solubility relations of the precipitated sulphides. 

91. Fuming hydrochloric acid^ at a gentle heat — 
dissolves . « . sulphides of antimony and tin. 
scarcely acts on . . „ „ arsenic. 

does not dissolve . . >9 » gold and platinum. 

92. A concentrated solution of sesquicarbonate of am- 
monia dissolves AsgSa, which can be reprecipitated by acids, 
scarcely acts on sulphides of Sb, Sn, Au, Pt, nor on free 
sulphur. (SnS2 is perceptibly soluble.) 

93. The dry sulphides when heated in presence of air 
(projected in small successive portions into a red-hot 
porcelain crucible) behave as follows : — Sulphides of 

Arsenic, are volatilized. 
Antimony, changed into Sb204. 

* This sotirce of error is avoided, if, instead of sulphide (or polysulphide) of am- 
monium, the corresponding sodium or potassium compound, or caustic potash be 
used for the extraction of the arsenic group from the HaS-precipitate. It is how- 
ever to be observed that the sulphides of potassium and sodium, the salts RjS at 
least, dissolve mercuric sulphide, and that, from a solution of sulphide o{ arsenic y 
antimony y or tin in caustic alkali (which of course must contain a. /art of the metal 
as an oxygen compound), hydrochloric acid alone will Tiot always precipitate the 
whole of the metal as sulphide. In case of arsenic pentasulphide, AsjSs, for instance, 
part of the arsenic at least will remain dissolved as arsenic acid ; thus : — AsaSs-l- 
8KsO=As30s*3KsO-|-5K3S. Of the sKjS every 3 unite with Ass Sg to form a thio-salt, 
which, on addition of acid, gives sulphide of arsenic, with evolution of sulphuretted 
bydrqgen, most of which will not act on the arsenic acid, but will escape. 
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Tin, changed into Sn02- 

Platinum, 1 , , 

Cold I '^^"^^^ ^^ metals. 

94. VfYiexi fused with nitrate of soda and carbonate of soda^ 
the sulphides of 

Arsenic^ are changed into sodium arseniate, NasAsO*, 
which is soluble in water. 

Antimony: changed into sodium meta-antimoniate, 
nearly insoluble in water, less soluble still in dilute 
alcohol ; insoluble also in caustic soda. 

Tin : changed into stannate of sodium, little soluble in 
water or dilute alcohol, but soluble in caustic 
soda (which may have been formed from the nitrate 
by overheating.) 

Gold ( reduced to metals. Platinum 

Plati \ ^^ ^^ssolved by fused caustic alkalL See 

^^^l §75. 

95. The oxides of arsenic, antimony, and tin, when fused 

with cyanide of potassium* are reduced to metals. If the 
experiment be performed in a sublimation-tube, then in case 
of tin or antimony the metal forms a «^«-volatile regulus ; 
while, in case of arsenic, the rtietal is completely volatilized 
and obtained as a mirror. The volatilization of the arsenic 
is not interfered with by the presence of even //zr^^f quantities 
of oxides of metals of the potassium and barium groups, 
of magnesium, bismuth, or antimony, or of moderate quan- 
tities of the oxides of manganese, tin, aluminium ; while the 
rest of the oxides of the copper and iron groups, being all, by 
the action of the reagent, reduced to metals, the lower 
arsenides of which cannot he decomposed by mere heating, 
if present in sufficient quantities, prevent the formation of 
an arsenic mirror. In any case, a part of the arsenic vapour, 
by the action of the air in the sublimation-tube, will be 
burned into trioxide ; hence, in case of small quantities of 

* Or, what is generally more convenient, a mixture of one part of the cyanide and 
three parts of dry carbonate of soda. 
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arsenic, the reduction had better be effected (within a 
horizontally placed tube, which should be about five m.m. 
wide inside) in a slow current of dry carbonic acid. If the 
exit-end of the tube is drawn out to a long tail about one 
and a half m.m. wide, and care be taken first to thoroughly 
drive off every trace of moisture, and to bring that part of the 
tube which is between the mixture and the narrow tail to dull 
redness before eflfecting the reduction, then as little even as 
one-fourth of a milligramme of arsenicum will give a distinctly 
visible mirror. — {Fresenius.) 

96. The sulphides of arsenic, antimony, and tin are also 
reduced by cyanide of potassium (with foimation of sulpho- 
cyanate), but a part of the metal always remains as a non- 
reducible sulpho-salt. Hence arsenic sulphide, when mixed 
with a sufficiency of firee sulphur, may fail to give a mirror. 

97. Action of nascent hydrogen {zinc and hydrochloric 
or sulphuric acid) on solations of tlie oxides or chlorides 
of the arsenic group : — 

Tin, \ 

€k)ld, > are precipitated as metals. 

Platinum, J 

r are partly precipitated as metals, and partly 

^ . . ' < evolved as gaseous hydrides, AsH, and 
Antimony, j^ ^^^^ 

In the case of antimony a small proportion of metal only 
is changed into hydride. 

Applications of this reaction. 

98. I. Detection of Arsenic or Antimony. 

(MarsNs test; see § 48 and § 49.) 

Marsh's test is more delicate for arsenic than for antimony. 
In either case, the more of the metal is changed into 
hydride the greater the quantity of free acid present ; hydro- 
chloric probably produces more than sulphuric acid. 

99. Difference of arsenic and antimony stains.— Arsenic 
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stains are generally bright, and have a metallic lustre ; those 
of antimony are usually dull and sooty-looking. 

Both stains, when gently heated with yellow sulphide of 
ammonium, are dissolved ; the solution, after evaporation, 
leaves, 

In the case of arsenic: yellow sulphide, insoluble in strong 

hydrochloric acid. 
In the case of antimony: brick-red sulphide, easily dis- 
solved by strong hydrochloric acid. 
Arsenic stains are readily dissolved by a solution of bleach- 
ing powder ; antimony stains cannot be thus dissolved. 

Both stains when heated with nitric acid are dissolved ; 
the solution, when evaporated, leaves. 

In the case of arsenic^ a residue of AS2O3 or AS2O6, the 
solution of which in water, when mixed with nitrate of 
silver, and very cautiously saturated with dilute ammoi 
nia, gives a yellow or brick-red precipitate of, respec- 
tively, arsenite or arseniate of silver, generally the latter. 
In the case of antimony^ the residue contains SbsOs 
(beside Sb205), and when treated with nitrate of silver 
and excess of ammonia gives a black precipitate of 
antimoniate of suboxide of silver. 
100. Difference of arsenic and antimony mirrors. — The 
antimony mirrors are usually more metallic-looking than 
the arsenic ones. The arsenic mirror is by far the more 
volatile. Antimony mdts before volatilizing. When the 
part9 of the glass tubes containing the mirrors are heated 
within wide test-tubes of hard glass, the metals are oxidized. 
Arsenic yields a very volatile crystalline sublimate of AS2O3 ; 
antimony yields, ultimately, a non-volatile amorphous de- 
posit of Sb204. (See §§ 42, 51, 88.) 

101. 2. Detection of Arsenic and Antimony. 
( When present together,) 

When a solution containing both arsenic and antimony 
is subjected to Marsh's process, the arsenic is chiefly con- 
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tained in the first, while antimoniuretted hydrogen pre- 
dominates in the latter portions of the gas, so that it is 
sometimes possible to obtain, separately, stains of nearly 
pure arsenic and pure antimony. But this method of 
fractionating is not sure to succeed. A real separation of 
the metals, in the hydrides, can be effected by passing the 
gas through a solution of nitrate of silver, when both hy- 
drides are decomposed ; the arsenic passes into solution as 
As20a, while the antimony is precipitated as antimonide of 
silver. 

2AsH,+i2AgNO,+3H20=i2Ag+i2HN03+As203 

2SbHs+6AgN03= 6HNOs + 2SbAg3. 
If the filtrate be cautiously neutralized with ammonia, 
and, if necessary, some nitrate of silver added, a yellow 
precipitate of silver arsenite is obtained (2Ag20.As203). 
— {Otto,) To detect the antimony, A. W, Hofmann recom- 
mends to wash the precipitate with hot water, and then to 
boil it with a solution of tartaric acid, when the antimony 
(/.^r. that part which by the action of the air has been 
oxidized ?) passes into solution, and after filtration can be 
detected by means of sulphuretted hydrogen. According 
to our experience, a safer method is to digest the washed 
precipitate with yellow sulphide of ammonium, when the 
antimony dissolves as thio-salt. The filtered solution 
when evaporated to dryness at a gentle heat leaves a red 
residue (Sb2S5), which is instantaneously decolourized by even 
cold fuming hydrochloric acid. But even with this mjethod 
the detection of the antimony is not by any means so easy 
as that of the arsenite in the filtrate. Hence a negative 
result obtained regarding the former is all the better for 
being confirmed by other independent processes. 

We here remind the beginner that Marsh's test applies 
only to acid solutions of the oxides of arsenic and antimony, 
and especially does not succeed with sulphides and sulpho- 
salts. The presence of considerable quantities of oxidizing 
agents^ such as nitric or chloric acid, should be avoided. 
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If, besides arsenic and antimony, there are other metals 
present which are precipitated by zinc (as tin, lead, bismuth, 
mercury), they will more or less interfere with the formation 
of the hydrides. 



102. 3. Detection of Arsenic, Antimony, and Tin. 

If, in a solution containing these three metals, the tin 
does not predominate too much, arsenic and antimony can 
be detected by Marsh's test, as above described. The tin 
remains in the residue as a metallic precipitate, along 
with, generally, the greater part of the antimony and some 
of the arsenic. In this case it will be found expedient to 
modify the modus operandi^ in so far as to use very little 
zinc (5 grammes, or less), to substitute hydrochloric for 
sulphuric acid, and to collect the gas evolved, previously 
to operating upon it, over water in a glass gasometer, (i 
gramme of zinc gives about 0*36 litre of hydrogen.) The 
operation is continued until all the zinc is dissolved, and 
the solution (A) decanted from the precipitate, replaced by 
pure hydrochloric acid, and the mixture heated for some 
time so as to dissolve the tin (sol. B), while the antimony, 
and, generally, impurities from the zinc, remain. The gas 
evolved during the solution of the tin may contain arseni- 
uretted hydrogen, and is therefore collected in the gaso- 
meter. Thus the bulk of the arsenic and some of the 
antimony are obtained as hydrides, which can be examined 
as in 2 ; the tin is contained in solutions A and B as SnCl2, 
which can be tested for by mercuric chloride, or, after 
partial oxidation with FeCls, by chloride of gold. The anti- 
mony can more easily be detected in the residue left 
undissolved by hydrochloric acid than in the gas. For 
this purpose the residue is washed with water, digested 
with yellow sulphide of ammonium, and the filtered solu- 
tion evaporated ; antimony sulphide remains as a brick-red 
mass, soluble in fuming hydrochloric acid. 
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103. Examination of a mixture of precipitated sulphides of 

the Arsenic group. 

From what is given in the preceding paragraphs, it would 
appear to be easy to deduce methods for the exact separa- 
tion from one another of the five metals (§ 87) potentially 
present in such a mixture; but practically it is not so, 
the reason being that a mixture of the metals in question — 
whether they are given as such, or as sulphides or oxides, 
etc. — ^when subjected to the action of reagents will in 
general not behave so as if each of the constituents was 
treated for itself in a separate vessel. ITius, for instance, 
in the case of an alloy of tin and arsenic, the two metals can 
not be separated completely by even prolonged and intense 
heating. If we attempt a separation by oxidation with nitric 
acid, and subsequent treatment of the oxides with water, we 
obtain a residue containing both stannic and arsenic acids 
in chemical combination with each other, and a solution 
containing at best only a part of the arsenic. It would be 
easy to give further illustrations. The exact separation 
from one another of the metals we have here to deal with 
is, in fact, one of the most difficult problems of analysis, 
which has not yet by any means received a satisfactory 
solution. For the purpose of a qualitative analysis, how- 
ever, it is obviously sufficient to effect what is called a 
^qualitative separation,' i.e. by a proper combination of 
processes, to extract the bulk of each metal in the state of 
a definite compound, sufficiently pure to be identified by 
its characteristic tests. What methods we should employ, 
and how we should combine them with one another, 
depends on the particular case we have to deal with, 
the quantity of material we have at our disposal being 
evidently one of the first points to be considered. To 
beginners who have not yet learned to invent their 
own methods, we recommend the following series of pro- 
cedures : — 
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104. Starting with a mixture of precipitated sulphides^ 
proved to be free from metals of the copper and iron 
groups, first dry a portion of the precipitate, and carefully 
roast it on an inverted porcelain crucible lid. If it burns 
off completely, it can contain only arsenic^ which in another 
portion of the precipitate is readily detected by boiling the 
sulphide with hydrochloric acid and a little nitric acid or 
chlorate of potash, and then searching for arsenic acid by 
means of magnesia mixture (§ 46), or by applying Marsh's 
process (§§ 48, 49, 99, 100). If there is a fixed residue left 
(SnOa, Sb204, and more or less of As^Oa), then, however 
little it may be, it will suffice for the application of Bunsen's 
flame-tests for antimony and tin. To test for antimony^ 
place a little of the roasted mass on one end of an asbestos 
sticky and expose it to the action of the luminous * tip ' of 
the flame of a Bunsen's lamp, while, with the other hand, 
you hold a porcelain basin into the flame, close over the 
specimen. If the basin gets coated with a metallic stain, 
insoluble in bleachingpowder solution, this proves the presence 
of antimony. The tin-test is described in § 71 ; a negative 
result in case of the antimony-test, and a positive in that 
of the tin, must not be considered as perfectly conclu- 
sive. 

Whatever may be the results of these preliminary tests, 
and supposing even gold and platinum to be known to be 
absent, it is always better to proceed to an approximate 
separation of the metals from one another, and to identify 
each of them for itself. For this purpose, 

105. Allow the rest of the precipitate to drain as com- 
pletely as possible, treat it, at a gentle heat, with fuming 
hydrochloric acid until there is no longer any action, then 
remove the dissolved sulphuretted hydrogen by means of a 
current of carbonic acid (i,e, pass carbonic acid through 
the mixture, until a drop of it no longer gives a black 
precipitate with copper vitriol), dilute and filter. Then, 
substantially, 
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The Filtrate 

contains the bulk of the antimony 
and tin as chlorides SbCl,, SnClg, 
SnCl4, and perhaps (in absence of 
SnCl ) some arsenic, which, after 
due concentration, may be searched 
for by Bettendorf s test (see § 47). 
Take a portion of the solution, 
evaporate to expel the greater 
part of the free acid, and test for 
antimony by means of zinc and 
platinum (§ 56). To test for A«, 
dissolve the whole of the zinc by 
addition of hydrochloric acid, and 
search for tin as shown in § 102. 
Or, better, examine the original 
filtrate in a small Marsh's ap- 
paratus according to § 102. 



The Precipitate 

contains the arsenic, gold, platinum ^ 
and perhaps traces of copper, anti- 
mony, and tin, as sulphides. Treat 
the precipitate at about 80° with a 
solution (saturated in the cold) of 
sesquicarbonate of ammonia. The 
solution contains the arsenic, which 
by acidification of the filtrate with 
HCl, and addition of H2S, can be 
precipitated as As2S8' The AS2S8 
can be identified by means of 
cyanide of potassium (§ 95) or other- 
wise. The residue (S, AuaS^, PtS2) 
is oxidized by roasting and sub- 
sequent fusion with nitrate of potas- 
sium, at the lowest possible tempera- 
ture, and the mass treated with water. 
The solution may contain the potash 
salts of Sb206, SnOa, AsaOs ; the 
residue consists of metallic gold and 
platinum. 
(Videinfrsu) 

106. Sepaxation of Gk>ld and Platinum from other metals 

and from eacli other. 

In the examination of a solution of salts, go/d and 
platinum should be separated out from the first instead of 
being allowed to find their way into the arsenic-group 
precipitate. In case' of a solution of chlorides free from 
oxidizing agents {e.g. nitric acid), and containing as little 
as possible of free acid, this can generally be effected : 

1. By adding to the solution an excess oiformiate of soda 
along with some carbonate of soda, and boiling for a con- 
siderable time, when the two noble metals are thrown 
down (as such) as constituents of a precipitate, from which 
all that is not gold or platinum (or mercurous chloridi) can 
be extracted by means of hot hydrochloric acid. 

2. {If gold is either absent or associated with a suffi- 
ciency of platinum) by treating the solution (at the temperature 
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of a water bath) with hydrogen. If matters be arranged 
so that the solution presents a large surface to a con- 
tinuously renewed atmosphere of hydrogen, the platinum 
and gold^ in the course of a day or so, are completely reduced 
and precipitated. — (Brunner; W, £>?) To avoid explosions, 
the hydrogen must be displaced by carbonic acid before 
the flask is opened. If, even a neutral, dilute solution of 
pure chloride of gold is subjected to this process, a very insig- 
nificant firaction of the metal only is precipitated. 

To separate the two metals from each other, convert 
them (by treatment with aqua regia, etc.) into neutral 
chlorides, dissolve these in the least quantity of water, and 
add a concentrated solution of sal-ammoniac and 2-3 vol. of 
alcohol : the platinum is precipitated (after some time) as 
yellow crystalline PtCl4.2NH4Cl — which must be washed with 
alcohol; — ^gold passes into the.filtrate, firom which it can be 
obtained by evaporation to dryness and ignition. The gold 
remains as such, and after reconversion into chloride can 
be identified by means of stannous chloride (§ 73). 

107. Bloxam's method for the qualitative separation of 
Arsenic, Antimony, and Tin 

supposes the metals to have been precipitated, from the 
solution of their sulphides in sulphide of ammonium, by 
hydrochloric acid, and consequently to be given as AS2S3, 
or AsgSj, ShSz or SbgSs, and SnS2 respectively. The pre- 
cipitate is digested at 80° C. in a concentrated solution of 
sesquicarboncde of ammonia^ which extracts all the arsenic 
and some tin. From the filtrate the two metals are precipi- 
tated, by acidification, as sulphides and identified; the arsenic 
by means of cyanide of potassium, the tin by roasting part of 
the precipitate in a porcelain crucible, when the tin remains 
as Sn02, which is easily recognised by flame and blowpipe 
tests. The residue (SbgSx and SnS2) might be examined as 
shown in § 105, but Bloxam^s method is to dissolve it in 
hot hydrochloric acid, with addition of the least quantity of 
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nitric acid required for converting the metals into their 
highest chlorides, and then to boil with a large excess of 
sesquicarbonate of ammonia ; if there is a precipitate, it con- 
tains the whole of the tin and part of the antimony ; some 
of the latter, however, always passes into the filtrate, from 
which, after acidification, it can be precipitated by sulphur- 
etted hydrogen. 

108. Tbe moBt exact method for tlie separation of Arsenic, 

Antimony, and Tin 

is the following : — Dissolve the mixed sulphides in sulphide of potassium, 
add a large excess of aqueous sulphurous acid, and, after having digested 
the mixture at a gentle heat for some time, boil it down to about one- 
third of its original bulk, and filter. The filtrate contains the whole of 
the arsenic as arsenite, along with thiosulphate of potash ; it is completely 
precipitated, as AssSs, by sulphuretted hydrogen. The precipitate con- 
tains the antimony and tin as sulphides, mixed with a considerable 
quantity of sulphur. — {Bunsen.), To separate these two metals, first 
convert them into the highest oxides (Sn02, Sb206), fuse these in a 
silver dish with a large excess of causfic soda, and treat the fused 
mass with cold water. After complete disintegration add one-third of 
the volume of the mixture of alcohol of 0*83 sp. grav., allow to settle, 
and filter. The precipitate, which contains the whole of the antimony 
as meta-antimoniate of soda, must be washed with a mixture of equal 
volumes of alcohol and water. From the fixate which contains the 
whole of the tin as stannate (and all the arsenic, if present), the metal 
may be precipitated either by excess of sulphuric acid (§§ 67-69) as oxide, 
or — ^after saturation with sulphuretted hydrogen — ^by means of acetic 
acid, as sulphide. [If this precipitate contains arsenic, this can be com- 
pletely eliminated by heating the dry sulphides in a current of dry sulphur- 
etted hydrogen ; the arsenic sulphide is completely volatilized, and what 
(of the vapours) does not condense in the colder parts of the reduction- 
tube, can be collected in aqueous ammonia.] — {H. Rose.) A complete 
oxidation of the sulphides of antimony and tin presents great difficulties. 
One of the methods recommended for the purpose is to treat the dried 
sulphides in the heat with ^»2w^ nitric acid (of 1*5 spec, grav.), but 
this is an extremely troublesome operation. For the purposes of an 
exact qualitative analysis it would probably be sufficient to dissolve 
the mixed sulphides in aqua regia, to dilute, filter off the sulphur, to 
evaporate repeatedly with nitric acid (of i '4 sp. gr. ) — ultimately very 
nearly to dryness, to moisten with caustic soda solution, evaporate to 
dryness, in a silver dish, and to fuse with additional caustic soda. 
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109. R^^arding tungsten^ molybdenum^ and vatwdium* we will con- 
fine ourselves to giving a tabular statement of reactions, by means of 
which any one of these metals, if it should have found its way into an 
arsenic group precipitate* may be searched for and identified. 

The sulphides of the metals named, when roasted^ are converted into 
their highest oxides, viz. :^ 



Molybdic Acid. 


Tungstic Acid. 


Vanadic Acid 


MoO> 

White, fiisible. Can be 
sublimed at a red heat 
in a cunrent of air. 

SfJuble in ammonia, 
even after ignition ; 
solution colourless. 


WoOs 

Yellow, infusible. Abso- 
lutely non-volatile. 

After ignition, insoluble 
in ammonia. 


VfO» 

Dark-red, fusible. Non- 
volatile. Soluble in looo 
parts of HtO. Solution 
yellow. 

Soluble in ammonia, 
even after igmtion. 



The three acids, if fiised with carbonate of soda, are converted into 
sodium salts, soluble in water. The solution of the sodium salt is. 

Colourless. Colourless. Colourless. 



If mixed with hydrochloric acid, the solutions behave as follows^ 



White precipitate : solu- 
ble in excess of hydro- 
chloric acid, and also in 
much water. 



White precipitate in the 
cold, which becomes 
yellow on heating ; in- 
soluble in hydrochloric 
acid. 



No precipitate from dilute 
solutions : the liquid be- 
comes intensely red (like 
an add chromate). 



If the mixtures (containing the fi-ee acids in solution, or as precipi- 
tates) are treated with zinc (nascent hydrogen), the acids are reduced 
to lower oxides, and intensely coloured liquids are produced. The 
colours are — 



First blue, at last dark 
brown. 



Blue. 



First iH'een, then blue, at 
last violet 



♦ Thb metal, on account of its very rare occurrence, is not noticed in the context 
For a similar reason the platinimi metals, except platinum itself, are entirely omitted. 
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C. IRON GROUP. 

Chromium, Aluminium, Iron (Uranium), Cobalt, Nickel, 
Manganese, Zinc (and a number of rare Metals). 

Chromium, 

110. Metallic Ohromium, as obtained by igniting a mixture 
of violet chromic chloride Cr2Cl6 and chlorides of sodium 
and potassium with zinc, forms a light green crystalline 
powder of spec. gr. 6*8. — ( Wohier!) It is more difficultly 
fusible than platinum ; the fused metal is as hard as 
corundum. — {Deviiie,) When heated in air, it is very super- 
ficially changed into green chromic oxide Cr20s. Dilute 
hydrochloric acid dissolves it readily, forming a blue solution 
of chromous chloride CrCl2. It is not at all attacked by 
nitric acid, whether dilute or strong. 

111. Chromous oxide, CrO, is scarcely known by itself. 
The salts derived from this oxide are very unstable ; their 
solutions, when exposed to the air, or treated with oxidizing 
agents (nitric acid, free chlorine, etc.), are easily changed 
into chromic salts. 

112. Chromic oxide Cr203, as prepared by gently heating 
the hydrate, is a dark green powder, which, when treated 
with acids, yields solutions of chromic salts {e,g. Cr2Cl6, 
Cr2(S04)3); when being strongly ignited, it becomes in- 
candescent and is changed into another modification, which 
is almost absolutely insoluble in acids. 

There are several chromic hydrates. They are all easily 
soluble in acids, forming solutions of chromic salts. 

113. Chromic Salts. — ^There are two modifications of 
chromic salts ; those of the one give green, and those of the 
other violet, solutions with water. Only the violet solutions 
yield crystalline salts, the green ones give amorphous masses. 

Behaviour to reagents of solutions of chromic salts, — 
Sulphuretted hydrogen, — No change. Sulphide of am- 
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moniutn acts like ammonia, sulphuretted hydrogen being 
liberated. Ammonia precipitates hydrate (which in case 
of green solutions is greyish green, in case of violet ones 
greyish-blue), slightly soluble in excess of ammonia. When 
the excess of ammonia is boiled off, the dissolved oxide 
is reprecipitated. Tartaric add (like many other non- 
volatile organic compounds) prevents the precipitation. 
Potash (also soda) precipitates bluish-green hydrate 
(Cr203.sH20) soluble in excess of the reagents. When the 
green alkaline solution is boiled, the chromic hydrate is com- 
pletely precipitated ; on cooling, however, it partially redis- 
solves. When the alkaline solution is heated with peroxide 
of lead PbOs, a (yellow) solution of chromate of alkali 
RjOCrOa is formed. 

114. Chromic acid and chromates. — Chromium (and any 
non-volatile chromium compound) when fused with carbonate 
or hydrate of alkali^ and nitrate or chlorate ofpotctsh, is con- 
verted into chromate Cr03R20. 

115. Chromic triozide, CrOs, forms crimson crystals 
which are easily soluble in water; the solution, if concentrated, 
is brown red, if dilute, yellow. When heated beyond 250'' 
the teroxide loses oxygen and is reduced to Cr203. The 
real acid Cr03.H20 is not known. 

116. Chromates. — The normal alkaline chromates (R2O 
CrOs, e.g, K20Cr03) are yellow, and dissolve in water with 
a yellow colour, which is so intense that it is shown even 
after very considerable dilution with water. The alkaline 
bichromates (R202Cr03) are garnet-red, and give red solu- 
tions. Of the rest of the chromates, the calcium, magnesium, 
and the acid strontium salts are soluble, the others are mostly 
insoluble in water, but soluble in mineral acids. 

117. Behaviour of solutions of alkaline chromates to reagents, 
— Barium chloride precipitates BaCrO*, a yellow powder, 
insoluble in water, difficultly soluble in dilute nitric or 
hydrochloric acid. Acetate of lead precipitates lemon- 
yellow PbCrOi, insoluble in dilute nitric acid, soluble in 
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caustic potash. Nitrate of silver precipitates red 

chromate of silver Ag20Cr03, nearly insoluble in water, 
soluble in dilute nitric acid, and in ammonia. Mercurous 
nitrate precipitates dark brick-red 4Hg20.3Cr03, which, 
when boiled with nitric acid, is changed into red crystalline 
HggOCrOa. The precipitate, when ignited, leaves green 
chromic oxide, oxygen and mercury vapour going off. 

118. Chromic acid and chromates can be rediued to 
chromic salts, in a great many different ways. Solutions by 
means of (a.) Sulphuretted hydrogen and free acid (with pre- 
cipitation of sulphur) ; (^.) Stannous chloride (with formation 
of stannic chloride SnCU) ; (c,) Nascent hydrogen {e.g, zinc 
and hydrochloric acid) ; these reactions go on in the cold ; 
{d.) By being heated Ynt\i free acid znd. alcohol (the alcohol 
being converted into aldehyde, chloride of ethyl, and other 
volatile products). 

Solid chromates can be reduced, (a,) by being boiled with 
hydrochloric acid (formation of free chlorine and chromic 
chloride) ; {b,) by being heated with concentrated sulphuric 
acid (formation of chromic sulphate and oxygen). 

119. Blowpipe-test. — Chromic oxides, when fused with 
borax, in either flame, give green beads. See also § 114. 

120. Ohromimn, in any state of combination, even if 
forming part of the most complex mixture, is easily detected 
by fusing the substance with carbonate and nitrate of potash. 
The metal is converted into alkaline chromaie^ which can be 
recognised by the yellow colour and the reactions of its 
aqueous solution. If the solution should be green from 
manganate this can easily be eliminated by addition of a 
few drops of alcohol, heating and filtering. The manganese 
is completely precipitated, the chromate remains unchanged. 
Minute traces of chromic acid, too small to produce a 
distinct colour, may be detected by means of a solution of 
peroxide of hydrogen in ether, which reagent, when shaken 
with the acidified solution of a trace of chromate^ assumes an 
intense blue colour. 
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If, in the application of this test, the aqueous liquid assumes a browtt' 
ish-red colour, this proves the presence of vanadic acid, — { Werther. ) In 
this case however the non-appearance of the blue colour in the ethereal 
layer does not prove the absence of CrO>. 

Aluminium, 

121. AlnmiTiiiini is a ductile metal of the colour and lustre 
of tin, and about as hard as pure silver. It melts at about 
700°. In air, at ordinary temperatures, it does not change, 
and, even at a red heat, it is very little oxidized. It does 
not decompose water, not even at a red heat. Hydros 
chloric acid dissolves aluminium, with evolution of hydrogen. 
Dilute sulphuric acid does the same, but more slowly. The 
solutions contain aluminic salt (Al2Cl«, resp. Al2(S04)3). 
Nitric cuidy whether concentrated or dilute, does not attack 
the metaL Caustic potash (also sodd) dissolves it, with 
evolution of hydrogen and formation of aluminate, 

122. Aluminic oxide AI2O3 (Syn. Alumina) is a white 
powder which, if not previously ignited, dissolves in acids, with 
formation of aluminic (alumina) salts. After strong ignition 
it is very difficultly attacked by acids. Native alumina (sap- 
phire, ruby, oriental topaz, collectively * corundum' — ; emery) 
is absolutely insoluble in acids. The insoluble varieties of 
zXximma^ \l[ very finely powdered mdi fused with bisulphate of 
potash, are changed into aluminic sulphate, soluble in water. 
When fused with caustic potash (in a silver vessel) they are 
converted into (soluble) aluminate of potash. Aluminic 
hydrate, as obtained by precipitating the chloride with 
ammonia, is a gelatinous, very bulky precipitate, which, 
however, shrinks greatly on being dried. It dissolves in 
dilute acids, and also in aqueous caustic potash or soda, but 
is only slightly soluble in ammonia. 

123. Behaviour of solutions of aluminic salts to r cedents, — 
Sulphuretted hydrogen. — No action. Sulphide of am- 
monium acts like ammonia, sulphuretted hydrogen being 
liberated. Ammonia precipitates (colourless, gelatinous) 
hydrate or basic salt, slightly soluble in excess of the reagent; 
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if the excess of the ammonia be boiled off, the dissolved 
alumina is reprecipitated. The precipitate is quite insoluble 
in water and in solutions of ammonia salts, also in sulphide 
of ammonium ; hence this reagent is a better precipitant, 
than caustic ammonia, for alumina. Caustic potash 

(also soda) gives a precipitate of hydrate, soluble in excess 
of the alkali ; the solution remains clear on boiling, but if 
heated with excess of chloride of ammonium [i.e. more than 
I * NH4CI ' for every i * KHO ' used for dissolving the pre- 
<:ipitate), the alumina is completely reprecipitated. 
Oxalic acid gives no precipitate with aluminic salts. 
A solution of the sulphate or chloride^ if mixed with sulphate 
of potassium or of ammonium^ and sufficiently concentrated 
by evaporation, deposits, on cooling, octahedral crystals of 
'Alum' (Al2(S04)3.R2S04.24H20). 

124. Phosphate of alumina possesses about the same solu- 
bility relations as alumina itself; its solutions in acids 
(hydrochloric, nitric, sulphuric) behave to soda, potash, 
ammonia, sulphide of ammonium, and its solution in 
potash to chloride of ammonium, like the corresponding 
solutions of the oxide ; only the precipitate is, in each case, 
phosphate of, instead oipure^ alumina. 

125. Blowpipe test. — ^Alumina, if ignited on charcoal, 
moistened with nitrate of cobalt^ and again ignited, give a 
blue infusible mass. The presence of phosphoric or arsenic 
acid, and of barium, magnesium, iron, calcium, in moderate 
quantities, does not interfere with this reaction. 

126. Note, — Precipitates of silicic cuid and of phosphate of 
lime present pretty much the same appearance as, and there- 
fore are liable to be confounded with, alumina. Silicic acid 
is distinguished from alumina by its not being rendered 
soluble by fusion with alkaline bisulphate ; phosphate of lime^ 
by its insolubility in caustic potash, and the fact of its 
hydrochloric solution when mixed with sulphuric acid and 
alcoholy giving a precipitate of sulphate of lime and a solution 
of phosphoric acid. 



Iron Group. 



83 



127. BersrUiiun, Zirconliuu, Cerluin, LanthamuTi, and Didymium, are 
comparatively rare metals. Their salts behave to sulphuretted hydrogen ^ 
sulphide of ammonium^ and ammonia^ like those of alimiinium. The 
following table shows how these metals (beryllium and zirconium 
individually, and cerium, lanthanum, and didymium as a class) can be 
distinguished from, and detected in presence of, aluminium : — 





Beiylliom. 


Zlrconinxn. 


Cerium, 

Lanthanum, 

Didjrmium. 

(Cerite-Metals.) 


Occurrence. 


Beryll, Euklas, 
Phenakite. 


Zircom, some kinds 
of Garnets. 


Cerite (hydrated 

Silicate of Ceritc- 

Oxides). 


Oxalic acid. 


No precipitate. 


Precipitate of oxalate, insoluble in 
oxalic acid. 


Caustic Potash 
precipitates : 


Hydrate, soluble in 
I>otash ; on con- 
tinued boiling 
the hydrate is 
reprecipitated. 


Hydrate, insoluble in caustic potash. 


Behaviour of hy- 
drates to boiling 
solution of stU- 
am oniac. 


Hydrate dissolves. 


Hydrate does not 
dissolve. 


Hydrates of lower 
oxides^ dissolve, 
the higher ones 
do not. 


Sulphate of 
Potash 


and Beryllium sul- 
phate form no 
difficultly soluble 
*Alum: 


Precipitates a 
double salt, which 
is nearly insoluble 
in water and in 
dilute acids. 


A solution of pot- 
assium sulpnate 
saturated in the 
heat precipitates 
double sulphates, 
insoluble in solu- 
tions of potassium 
sulphate, but 
soluble in ^ dilute 
hydrochloric acid. 


Carbonate^ of 
Amntonia. 


Hydrates dissolve in a concentrated 
solution of the reagent. 
{Alumina does not) 


Precipitated Ce'O' 
is soluble in the re- 
agent. 



For further information r^^rding these metals and the still more 
rarely occurring elements. Thorium, Yttrium, Erbium, see Rose's 
Handbuchf new edition by Finkener. 

Titanium, 

138. Occurs in nature as Rutile, Anatas, Brookite (native TiO,) ; as 
titaniferous iron (FeOTiO,), etc The slags formed in \roxi-%m^\\.\t^ 



84 Metals. 

occasionally contain copper-coloured cubes of a compound TiCya.3Ti,N2, 
which for a long time were mistaken 'for metallic titanium, until 
Wohler foimd out their real nature. 

129. Titanic dioxide. — TiO, (Syn. Titanic acid). The native oxide, 
and also the artificially prepared oxide after strong ignition, is insoluble 
in hydrochloric and dilute sulphuric acids, very difficultly soluble in con- 
centrated sulphuric acid, easily soluble in hydrofluoric. The insoluble 
oxide can be got into solution (i. ) by fusing it with bisulphate of potash^ 
and dissolving the fused mass in cold water; (3.) by fusion with 
alkaline carbonate; the fused mass, when treated with water, leaves acid 
titanatCy insoluble in water, but soluble in cold concentrated hydro- 
chloric acid. 

130. The acid solutions behave as follows : — (i.) When diluted with 
water and boiled^ they deposit titanic ctcid as a white precipitate. The 
precipitate obtained from the hydrochloric solution goes through the 
filter, which however can be prevented by addition of chloride of 
ammonium. (2.) Caustic alkalies (potash, soda, ammonia) and 
ammonium sulphide precipitate a gelatinous hydrate 2TiOa.H20. 
The precipitation is prevented by tartaric acid. The hydrate, when 
washed with cold water, remains soluble in cold dilute acids. (3. ) When 
the hydrochloric or sulphuric solution is treated with zinc, a chlo* 
ride corresponding to a lower oxide Ti,Os is formed, and the solution 
assumes a blue or violet colour ; after prolonged action a blue preci- 
pitate of titanous hydrate is formed. 

131. Blowpipe tests. — Oxide of titanium and microcosmic salty when 
fused together in the oxidizing flame, give a bead, which is yellowish in 
the heat and colourless in the cold. In the reducing flame (more readily 
on addition of tin) the bead becomes, after cooling, violet ; in presence 
of iron, blood-red. TiOj, when fused on charcoal with KCy, yields no 
metal. 

132. To separate titanic acid from iron, in an acid solution of the two 
oxides, it is not enough to boil the solution, because the precipitate of 
titanic acid thus produced invariably carries down ferric oxide ; it is 
better to precipitate the two metals by means of sulphide of ammonium 
(ppte. FeS and TiOj.xHaO) and to treat the precipitate with aqueous 
sulphurous acid, which dissolves the ferrous sulphide and leaves pure 
titanic acid. 

Iron. 

133. Pure metallic iron can be prepared by igniting pure 
oxide in a current of hydrogen, when the metal remains as 
a grey spongy mass. It fuses at the highest temperatures 
/producible in a blast-furnace; its fusion, however, can 
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practically not be effected without its taking up traces, at 
least, of carbon and silicon. After fusion it is of a white 
colour, very soft and ductile, and has a sp, gr. of 7*8. At a 
white heat, iron, long before fusing, becomes soft and sticky, 
so that it can be ' welded * (a property which it shares with 
only a very few other metals, e,g, platinum). In dry 

air it is not changed ; in moist air it is slowly oxidized 
(it * rusts '). When heated in air it is gradually converted 
into the oxide FcsO* (magnetic oxide). At ordinary 
temperatures iron is not acted on by /^r^ water; by water 
containing air it is slowly oxidized. When heated to red- 
ness in a current of steam, it is oxidized into magnetic oxide, 
hydrogen being formed. Dilute sulphuric^ also hydro- 

chloric cuddy dissolves iron, with evolution of hydrogen and 
formation of ferrous salt (FeCU, FeSO*). It is not attacked 
by aqueous alkalies. Concentrated sulphuric acid^ in the heat, 
produces ferric sulphate Fe2(S04)3 and sulphurous acid. 
Dilute nitric acid in the cold dissolves the metal, without 
gas-evolution ; the solution contains ferrous and amnionic 
nitrates. 4Fe+2H20+sN206=4Fe(N08)2+NH4.N03. 

134. The commercial varieties of iron (wrought iron, cast 
iron, and steel) are essentially alloys of the metal with vary- 
ing proportions of carbide of iron. Wrought iron contains 
from o'o to o*67o of carbon, cast iron from 2 to 67©) ^i^d steel 
from 0-5 to I'sVo- Besides the combined carbon, grey cast 
iron contains a quantity of graphite (carbon) disseminated 
throughout its mass. Different specimens of cast iron 
contain varying quantities of silicon and manganese, also 
traces of sulphur, phosphorus^ and arsenic. 

Ferrous Salts. 

135. The chloride FeCl2 forms white scales, which in 
absence of air and water melt at a red heat and may be 
sublimed unchanged at a higher temperature. When heated 
in hydrogen it is reduced to metal. The hydrated salt 
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FeCl2+4H20 forms bluish-green crystals, easily soluble in 
water. 

136. The sulphate FeSO* is white. When heated to 
redness it is decomposed into sulphurous acid, sulphuric 
anhydride, and ferric oxide. The hydrated salt FeS04+ 
7H2O {^ iron vitriol') forms bluish green crystals, easily 
soluble in water, insoluble in alcohol. 

137. Reactions of solations of feirous salts. — (The solu- 
tions are generally bluish green, or, if dilute, colourless.) 

Sulphuretted hydrogen^ in presence of free mineral acid, 
produces no change , neutral solutions of the acetate and 
some other organic ferrous salts are partially precipitated. 
Sulphide of ammonium gives a black precipitate of 
sulphide FeS, insoluble in excess of the reagent, and in am- 
monia salts generally, insoluble also in ammonia, but easily 
decomposed and dissolved, by cold dilute hydrochloric or 
sulphuric acid. The precipitate eagerly takes up oxygen 
from the atmosphere ; it must therefore be washed with 
water containing some sulphide of ammonium. Alkalies 

(potash, soda, ammonia) precipitate white hydrate, which 
however soon absorbs oxygen, and thereby assumes first a 
dirty green and at last a brown colour (hydrated ferric 
oxide). In presence of ammonia salts the precipitation is 
not quite complete. If the ammoniacal solution is exposed 
to the atmosphere, the iron is soon completely precipi- 
tated as ferric hydrate. 

Ferrocyanide of potassium gives a white precipitate, which 
in contact with air takes up oxygen and becomes blue, 
being converted into (Cy6Fe)fe4(fe=^Fe=i8| parts of 
ferricum). 

Ferricyanide of potassium gives a blue precipitate, insoluble 
in hydrochloric acid. 

138. Solutions of ferrous salts, when exposed to the air, 
take up oxygen, and are gradually, but never completely, 
converted into basic ferric salts, which, from neutral solutions, 
partially separate out as brown precipitates. Presence of 



Iron Group. 87 

free hydrochloric or sulphuric acid retards, that of alkalies 
promotes, the oxidation. The magma produced by mix- 
ing solutions of ferrous salt and alkali very eagerly absorbs 
oxygen from the atmosphere. By the action of many oxi- 
dizing agents {e.g, free chlorine, chloric acid, nitric add, 
chromic acid, permanganic acid, etc.), ferrous salts (in 
aqueous solutions) can be completely converted into ferric 
ones. The most practical methods are the following: — 
(i.) Add free hydrochloric or sulphuric acid to the solu- 
tion, heat, and then add, small quantities at a time, of chlorate 
of potash^ or, if the introduction of potassium salts be ob- 
jectionable, {2.) acidify the solution, heat, add nitric cuidy 
and boil for a short time to expel the nitrogen oxides pro- 
duced. For such quantities as are usually operated upon 
in analyses, a few drops of nitric acid will, as a rule, suffice. 

Ferric Compounds, 

139. Ferric oxide FejOa may be prepared, (a,) by heat- 
ing ferrous oxalate in contact with air ; (^. ) by heating the 
nitrate, as long as nitrogen oxides are given off; or (r.) by 
ignitmg the hydrate. The oxide forms [a. ) a brown powder, 
or (^. and r.) a brown amorphous mass, insoluble in water, 
difficultiy soluble in dilute sulphuric (or nitric) acid, pretty 
easily soluble, at a gentle heat, in concentrated hydrochloric 
acid. 

140. Ferric chloride Fe2Cl6, as prepared by heating iron 
in a current of dry chlorine, forms black iridescent plates of 
metallic lustre which, in a current of chlorine, sublime at a 
temperature somewhat above loo**. The salt is very deli- 
quescent, and easily soluble in water. A very concentrated 
solution forms a dark brown oily liquid. 

141. Hydrated ferric chloride. — ^An acid solution of 
feme chloride (as prepared by heating a solution of the 
foTous salt with nitric and hydrochloric acids), when 
safhciently concentrated by evaporation, deposits, according 
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to the degree of concentration, either yellow crystals of 
Fe2Cl6.i2H20, or dark red crystals of Fe2Cl6.sH20, both 
easily soluble in water. A concentrated solution is brown ; 
when diluted with water it becomes yellow. The yellow 
colour almost completely disappears on addition of large 
quantities of hydrochloric acid, but reappears, with great 
intensity^ on heating. 

142. Beactions of solations of ferric salts. — (The solu- 
tions are generally brown or yellow, those of some salts, 
e,g. of *iron alum,' are colourless. When mixed with a 
considerable quantity of hydrochloric, acid, and heated, they 
all assume the intense yellow colour of the chloride.) 

Sulphuretted hydrogen gives a white milky precipitate of 
sulphur, the metal remaining in solution as ferrous salt. 
From the acetate^ a part of the metal is precipitated as sul- 
phide. Sulphide of ammonium gives a black precipitate, 
the solubility relations of which are the same as those of a 
mixture of ferrous sulphide and sulphur. Caustic 

alkalies, — Solutions of ferric salt, when cautiously mixed in 
the cold, with potash, soda, or ammonia, become dark brown, 
but there is no permanent precipitate formed, before a certain 
quantity of the alkali is added. If a dilute solution to 
which as much alkali has been added in the cold, as is 
possible without producing a permanent turbidity be 
boiled, the whole or most of the iron is precipitated as 
basic salt. 

In case of the acetate, or any other salt mixed with an ex- 
cess of acetate of sodium (at least 4-5 times * (C2Ha02)Na,' 
for every i eqt. of acid radicle in the liquid), the precipi- 
tation is quite complete ; the precipitate, however, par- 
tially re-dissolves on cooling. Excess of ammonia, 
from dilute liquids, precipitates the whole of the iron is 
brown amorphous hydrate, insoluble in water, in free 
ammonia, and in ammonia salts. Caustic potash, also 
soda and alkaline carbonates, behave substantially liks 
ammonia, only the precipitate in all cases contains chemi- 
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cally cpmbined alkaline oxide, which cannot be removed 
by washing. Ferrocyanide of potassium gives a precipitate 
of * Prussian Blue' (Cy6Fe.fe'4) (comp. page 86), insoluble 
in dilute acid. Ferricyanide gives no precipitate, but 

produces a daik brown liquid. 

143. Ferric salts can be reduced to ferrous^ by means of 
sulphuretted hydrogen^ also by nascetit hydrogen (zinc and 
hydrochloric acid) — both reactions go on in the cold — or, 
in the heat, readily and completely by means of stannous 
chloride^ slowly by means of sulphurous acid, 

144. Blowpipe-tests. — Iron oxides colour the borax bead, 
in the reducing flame, bottle-green ; after oxidation the bead 
is yellow in the heat, colourless after cooling. Iron com- 
pounds, when heated on charcoal with soda, yield an 
infusible grey powder of metallic iron, which follows the 
magnet. 

NickeL 

145. A silver-white, ductile, and very tenacious metal, 
attracted by the magnet. Spec, gravity = 8*6 to 9'o. Its 
melting point lies between those of cast iron and copper. 
It is not affected by air at ordinary temperatures, and only 
very slightly at a red heat. Hydrochloric^ also dilute 
sulphuric^ add attacks it slowly ; nitric acid easily dissolves 
it The solutions are green, and contain nickelous salt 
(NiCla, NiS04, Ni(N03)a). 

146. Nickel oxide NiO, as obtained by igniting the 
hydrate or carbonate, is a grey powder. The hydrate is 
green, and is not affected by contact with air. It easily 
dissolves in dilute acids. 

147. 77u sesquioxide NijOs, formed by the action of 
hypocJUorite^ of soda on recently precipitated hydrate or 
carbonate, or by keeping the nitrate at a temperature of 
about 200®, is a black substance, insoluble in water, scarcely 
soluble in boiling acetic acid. Hydrochloric acid dissolves 
it, with evolution of chlorine and formation of NiCla. 
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148. Behaviour of solutions of Nickel Salts (NiX'2) to 

Reagents. 
(The solutions are generally green.) Sulphuretted 
hydrogen (in presence of free mineral acid), no precipitate. 
From a solution of the acetate^ even in presence of free 
acetic acid, the metal is slowly, but at last, especially on 
heating, completely precipitated as sulphide. Sulphide 

of ammonium gives a black precipitate of sulphide NiS, 
insoluble in water and in ammonia and in ordinary 
ammonia salts, but slightly soluble in sulphide of ammo- 
nium, the more so, the greater the excess of sulphur (the 
more intense the yellow colour) in the reagent. By 
addition of a considerable quantity of chloride of ammo- 
nium, the solubility of the precipitate in sulphide of anuno- 
nium can be diminished, and thus the precipitation be 
rendered more complete. The sulphide is almost insoluble 
in acetic^ and is very slightly attacked by cold dilute (sVo) 
hydrochloric acid. Ammonia gives a slight green pre- 

cipitate, soluble in excess of the reagent; the solution is 
intensely blue. In presence of chloride of anunonium no 
precipitate is formed. Potash (also soda) precipitates 

(green) hydrate, which is not affected by atmospheric 
oxygen. Oxalic acid, from neutral solution, precipitates 

gradually the green oxalate NiC204 -f 4H2O. Ammonia 
easily dissolves this salt ; the blue solution when exposed 
to the air gradually loses its ammonia and deposits green 
crystals of a double oxalate of nickel and ammonium. 
If the solution contains an admixture of cobalt, this metal 
accumulates in the mother-liquor. Nitrite of potassium 

and acetic acid, in moderately dilute solutions, give no 
precipitate. In presence of barium, strontium, or calcium, 
part of the nickel is precipitated along with one or other of 
these metals in the form of a yellow crystalline triple-nitrite. 

149. Blowpipe tests. — The borax bead in the oxidizing 
flame assumes a reddish colour, which is rather intense in 
the heat, but becomes very much fainter on cooling; if 
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very rich in nickel the bead is dark brown; on being fused 
together with some nitre or other potash salt in the oxidiz- 
ing flame it becomes purple. The microcosmic salt bead in 
the oxidizing flame assumes a brown or brownish-yellow 
colour, which is more intense than that observed in case 
of borax, but likewise becomes much fainter on cooling. 
In presence of a moderate quantity of cobalt the bead is 
green. The borax bead (but not the microcosmic salt one) 
when heated in the reducing flame becomes grey from 
reduced metal, which, on continued blowing, agglomerates 
and sticks to the wire so as to leave a colourless bead. 
The reduction succeeds best on charcoal, and can be greatly 
accelerated by addition of a little tin. Nickel com- 

pounds, when fused on charcoal in the reducing flame with 
carbonate of soda^ yield metallic nickel, as a whitish dis- 
tinctly metallic-looking infusible and perfectly non-volatile 
powder which follows the magnet. 

Cobalt, 

150. Oobalt in its physical properties, and also in its 
behaviour to acids, closely resembles nickel. Spec. grav. 
of compact masses = ^'6, 

151. The oxide CoO, as obtained by heating the hydrate 
in absence of oxygen, is greyish green. When heated in 
air it is converted into another oxide, C03O4. The hydrate 
of the oxide CoO is a pale red precipitate. 

152. The sesquioxide C02O3 is obtained in the same man- 
ner as, and is similar in its properties to, the corresponding 
nickel compound. The black oxide, obtained by heating 
the nitrate to about 200°, is not soluble in boiling dilute 
acetic acid. 

153. Behaviour of soltttions of Cobalt Salts (CoX^a) 

to Reagents. 

(The solutions are generally redj that of the chloride 
becomes blue on heating. A solution containing both 



92 Metals. 

nickel and cobalt salt is red, green, or colourless, according 
to the proportion in which the two metals are associated.) 

Sulphuretted hydrogen in presence of free mineral acid, 
no precipitate. The acetate behaves substantially like the 
nickel salt. Sulphide of ammonium gives a black 

precipitate of sulphide CoS, the solubility relations of which 
are the same as those of sulphide of nickel, except that it 
is not at all soluble in sulphide of ammonium. 
Ammonia precipitates blue basic salt, soluble in excess of 
the reagent; the solution is" brown, but in contact with air, 
becomes red on standing. In presence of chloride of 
ammonium the reagent produces no precipitate. 
Caustic potash (also soda) gives a precipitate of blue basic 
salt, which on exposure to air becomes green by oxidation . 
On boiling, the precipitate is converted into a pale red 
hydrate Co(HO)2, which however gets generally mixed 
with some of the brown hydrate of C02O3. Oxalic 

acid produces a pale red precipitate, in which, ultimately, 
the whole of the metal accumulates. The oxalate is solu- 
ble in ammonia, giving a rose-coloured solution, which, on 
exposure to the air, only very slowly deposits the dissolved 
oxalate. Nitrite of potassium, — If a concentrated solu- 

tion of cobalt salt is mixed with excess of this reagent and 
enough of acetic acid to produce a strongly acid mixture, 
the cobalt is slowly but at last completely precipitated. 
The precipitate is a yellow crystalline powder, the composi- 
tion of which has not yet been established with certainty. 
According to Erdmann it is C02O3.3K2O.6N2O3 4- 3H2O 
(direct result of analysis : C02K6N12OX.3H2O). In dilute 
solutions the precipitate appears only after some time, but 
more readily on stirring. The precipitate (* Fischer's salt'), 
though insoluble in a solution of acetate of potassium, is per- 
ceptibly soluble in cold, and more readily still in hot, water. 

154. If a mixed solution of cobalt and nickel salt is 
treated in the way described, the nickel remains dissolved. — 
(Stromeyer.) From the filtrate the nickel is best precipitated 
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by means of carbonate of potash in the heat ; the green 
precipitate (of basic carbonate) is easily washed with hot 
water. — (jGibbs,) To identify it as a nickel compound, dis- 
solve it in hydrochloric acid, evaporate to dryness, dissolve 
the chloride in the least quantity of water, and add an 
excess of dark yellow sulphide of ammonium ; a dark brown 
solution of NiS in {NH4)2S.S, will be formed.— ( W. D,) Or 
else adopt Plattner's dry-way test {vide infra). This 

method of separating the two metals (by means of NO2K) 
is not applicable in presence of barium, strontium, or cal- 
cium. (See § 148). 

155. Blowpipe-tests. — Oxides of cobalt impart to both 
the borax and the microcosmic salt bead a blue colour — 
in either flame. The colour is so intense that it remains 
decidedly visible, even in presence of moderate quantities 
of iron, manganese, or nickel. Traces of cobalt produce a 
violet colour similar to that of the oxidized manganese 
bead. To detect traces of cobalt in what substantially 

is a nickel-bore^ bead, fuse the bead on charcoal with a 
granule of pure lecul in the reducing flame. The nickel is 
soon reduced and eliminated by the lead, and the remain- 
ing bead, if cobalt is present, exhibits the characteristic 
blue colour. To detect nickel in a substance consist- 

ing potentially of the two oxides, dissolve as much as 
possible of the mixture in a borax bead in the oxidizing 
flame, and then heat the bead on charcoal in the reducing 
flame with about 30-50 milligrammes of pure gold^ taking 
care to keep the gold well molten, and to let it roll about 
the flux so as to pick up the particles of reduced metal, 
until a pure nickel bead would have become colourless. 
Now detach the gold globule from the flux, and subject it 
on charcoal^ in the oxidizing flame^ to a series of lixiviations 
with microcosmic salt. The first dose of flux generally 
takes out a small admixture of cobalt, then follows a 
mixture of the two oxides, and lastly pure nickel oxide, 
which imparts to the flux the characteristic yellow colour. — 
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{Flattner,) (Comp. § 149.) With soda^ on charcoal, 

cobalt compounds behave like nickel compounds. 

156. Nickel and Oobalt are distinguished from the other 
metals of the group by the relative insolubility of their pre- 
cipitated sulphides in cold dilute (4-5%) hydrochloric acid. 
If a nickel or cobalt solution is precipitated with a solution 
of sulphide of sodium on boilings the sulphides formed are 
very compact, can easily be washed out with hot water, and 
are not at all attacked by ordinary dilute (2o7o) hydrochloric 
acid, so that by means of this acid they can be completely freed 
from any admixture of sulphides of zinc, iron, etc. — {Gibbs.) 

Manganese. 

157. Metallic manganese has not yet been obtained in 
the state of purity. The impure metal, as prepared by 
reducing the oxide with charcoal at an intense white heat, 
has the appearance of cast iron, but is very soft and brittle. 
Sp. gr. = 7*1 to 7*2. From moist air it readily absorbs 
oxygen. Water attacks it slowly, with evolution of hydrogen. 
Dilute acids, even acetic, easily dissolve it, with evolution 
of hydrogen and formation of manganous salt (MnC^, 
MnS04, etc.) 

158. Oxides of manganese. — ^The oxide MnO, manganous 
oxidcy is a greyish green powder, which, when kept in con- 
tact with moist air, takes up oxygen and is slowly converted 
into a brown hydrate of sesquioxide, Mn203. Manganous 
hydrate MnO.H20 = Mn(H0)2 is a white precipitate which 
eagerly absorbs oxygen from the atmosphere, and is gra- 
dually changed into hydrated sesquioxide. Both the oxide 
and hydrate are easily dissolved by acids, with formation of 
manganous salts, — * manganese salts ^ par excellence. 
Manganic oxide (or sesquioxide) Mn203 occurs in nature as 
Braunite, The artificially prepared oxide forms a black 
powder. The hydrated oxide is a brown precipitate. This 
oxide Mn203 is the basis of manganic salts. The Dioxide 
MnOj (peroxide of manganese) occurs in nature as 
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lyrolusite, a mineral which forms black crystals or crystal- 
line masses. The mineral is easily distinguished from 
other native manganese oxides by its being very soft, and 
giving a black * streak' on paper. All these oxides, 

when heated to bright redness in an atmosphere of nitrogen 
or air, leave brown-red MnaO^; in oxygen, Mn203 ; in hydro- 
gen, MnO. The peroxide MnOa is insoluble in nitric 
and in dilute sulphuric acid ; when heated with hydrochloric 
acid it gives manganous chloride MnCU and free chlorine ; 
with concentrated sulphuric acid in the heat, it pelds, ulti- 
mately, manganous sulphate MnSO^ and oxygen. The other 
oxides, when heated with nitric or hydrochloric acid, or 
concentrated sulphuric acid, behave like mixtures of per- 
oxide and monoxide. 

159. The trioxide MnOs is not known in the free state, 
but only as a constituent of metallic manganates (Mn03R'20), 
which are formed by fusing (in a silver dish) any lower 
oxide of manganese with caustic alkali and nitrate or 
chlorate of alkali metal. The fused mass contains alkaline 
manganate (Mn03R20), which imparts to it an intense 
bluish green colour. The fused mass dissolves in water, 
forming a dark green solution (the colour, however, is less 
intense than that of the solid substance); if this solution is 
mixed with a few drops oi alcohol, and heated, the man- 
ganese is completely precipitated as a brown hydrated 
oxide (Mn203.xH20 ?), the alcohol being oxidized into 
carbonic and organic acids. 

160. Manganic heptozide Mn207 (* Permanganic acid'). — 
Solutions of alkaline manganates are stable only in presence 
of free alkali. If the free alkali is saturated, either directly 
by addition of dilute nitric acid, or indirectly by passing 
chlorine into the solution, the latter becomes intensely 
purple, and now contains permanganate, Mn207R'20. The 
reaction in case of nitric acid is 3Mn03 = (hydrated) 
Mn02 + Mn207. The action of free chlorine is explained 
by the following equation: 2Mn03 + 2K20+Cl2= 2KCI 
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+ Mn207.K20. Alkaline permanganates dissolve in water, 
with an intensely ///r;^^ colour, which is visible even after 
large dilution with water. The colour is not changed by 
addition of sulphuric or nitric acid, which sets free a 
part of the permanganic acid, but the acidified liquid is 
easily decolourized (and the heptoxide in it reduced to man- 
ganous salt) by ferrous salt, oxalic acid, sulphurous acid, 
stannous chloride, and by many other reducing agents. 

161. Manganates and permanganates when heated with 
hydrochloric or concentrated sulphuric acid behave like 
mixtures of the respective bases with MnO and active 
oxygen. Ex. MngOrKgO (= 2MnO.K2O.O6) + 16HCI = 
2MnCl2 + 2KCI + 8H2O + sClg. 



162. Behaviour of solutions of Manganous Salts to 

Reagents. 

(Pure solutions are colourless, but a very small admixture 
of manganic salt suffices to impart to them a pink 
colour.) Sulphuretted hydrogen. — No action, not even in the 
case of acetate. Sulphide of ammonium precipitates 

flesh-coloured sulphide MnS, insoluble in water, and, in 
presence of an excess of reagent, in ammonia salts. Yellow 
sulphide of ammonium does not precipitate manganese so 
readily as does the colourless reagent. The colour of the 
precipitate may be considerably modified by the presence 
of even very slight admixtures of foreign metals. Sulphide 
of manganese is easily dissolved by cold dilute mineral acids ^ 
and even by acetic add. The mov&t precipitate, when exposed 
to the air, eagerly absorbs oxygen, and is gradually con- 
verted into brown hydrated sesquioxide. Sulphide of 
manganese, of all the sulphides of the group, is the one 
which, to solutions oi ammonia salts, opposes the least degree 
of stability. A dilute solution of chloride of manganese, 
when mixed with sal-ammoniac and a sufiiciency of oxalate of 
ammonia^ on subsequent addition of sulphide of ammonium 
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gives either no precipitate at all, or furnishes one, after some 
time, which, mainly or entirely, consists of an oxalate.* If 
a mixture of manganous chloride, sulphide of ammonium, and 
sal-ammoniac is boiled until the volatile sulphide is gone, a 
considerable portion, at least, of the manganese passes into 
the solution, from which it can be precipitated — as MnS — 
by sulphide of ammonium. The undissolved portion of what 
was originally MnS exhibits a green colour. The same green 
compound (oxysulphide ?) makes its appearance when sulphide of am- 
monium is added to a hot solution of manganous oxalate in ammonia, 
or when the flesh-coloured magma formed on addition of sulphide of 
ammonium to a concentrated solution of MnCls is allowed to stand. 
Sulphide of poiassium or sodium^ from pure solutions of manganous 
salts, always precipitates flesh-coloured sulphide, which does not become 
green on standing. — (Muck; ZeitschriftfUr Chemieior 1869, 580.) 

Caustic alkalies give a white precipitate of hydrate which 
absorbs oxygen from the air, and is thereby gradually con- 
verted into brown sesquihydrate. In presence of a suffi- 
ciency of sal-ammoniac^ excess of ammonia gives no precipi- 
tate, but if the mixture be exposed to the air, it soon 
becomes turbid, and deposits brown sesquihydrate. If, im- 
mediately after addition of the ammonia, the excess of this 
reagent is boiled off, a colourless solution is formed which is 
perfectly stable in air. (Separation of manganese from ferri- 
cum and aluminium.) 

163. Manganic Salts, 

as a class, are very unstable compounds. The chloride MnaCl« can 
scarcely be said to exist Of salts derived from oxygen-acids, the phos- 
phate is the only one which dissolves in water without decomposition. 
In presence of manganous sulphate, the sulphate also can remain perma- 
nently dissolved. The solutions show the intense /«r//«? colour of per- 
manganates. All manganic salts when boiled with hydrochloric acid 
are reduced to manganous compounds, with liberation of chlorine. 

164. Blowpipe test. — The borax bead, when obtained in 
the oxidizing flame, is violet, when in Xh^reducing, colourless. 

* The presence of considerable quantities of citric or tartaric acid entirely 
prevents the precipitation ofmauganeu (but not that of iron, nickel, cobalt, or zincX. 
\rf sulfdude of ammonium. — (How ; Chem. Netvs, 19, 137.) 

G 
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Manganese compounds, when fused with soda in the oxi- 
dizing flame, give an intensely bluish-green mass containing 
manganate. When fused with soda on charcoal^ in the 
reducing flame, they do not give metallic manganese, but 
monoxide which is absolutely non-volatile. 

Zinc. 

165. Zinc is a bluish-white metal, generally crystalline, and, 
at ordinary temperatures, brittle. At temperatures between 
1 00° and 150° the metal is ductile, so that it can be drawn 
out into wire ; at 200°, again, it is so brittle as to be easily 
reducible to powder. Sp. gr. = 7 • 1 5. It fuses at about 400*^, 
and is volatilized at a red heat; it boils at 1040° {DevUle). 
At ordinary temperatures it is not much affected by air, but 
when heated to redness in presence of air, it takes fire and 
gives off* an abundant white smoke of oxide. Boiling 
water attacks the metal slowly; dilute sulphuric and hydro- 
chloric acids dissolve it readily, with evolution of hydrogen 
and formation of zinc salts (ZnCl2, ZnS04). Dilute nitric 
acid, in the cold, dissolves zinc, with evolution of nitrous and 
nitric oxides ; the solution contains nitrates of zinc and am- 
monium, A solution of caustic potash (or soda) dissolves 
zinc, with evolution of hydrogen and formation of zincate 
Zn0.xRjO. 

166. The oxide ZnO (the only oxide known) is a light 
powder, white at ordinary temperatures, yellow in the heat, 
infusible, and, absolutely non-volatile. When heated to dull 
redness in hydrogen, it is not changed ; at a bright red heat 
it is very slowly reduced to metal. The hydrate is a white 
precipitate, easily dehydrated by heating. Both the hydrate 
and oxide (the latter even after exposure to high tempera- 
tures) readily dissolve in aqueous acids and alkalies (also in 
ammonia). 

167. Beactions of Solutions of Zinc Salts. 

(The solutions are generally colourless.) Sulphuretted 

hydrogen^ in presence of a sufficient quantity of free mineral 

acid, gives no precipitate. From neutral solutions of 
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mineral salts, a very considerable portion of the metal is 
precipitated as sulphide : from a solution of the acetate, 
even if containing free acetic acid, the whole of the zinc 
is thrown down. Any other zinc salt, when mixed with 
a sufficiency of acetate of soda, behaves to sulphuretted 
hydrogen like acetate. Sulphide of ammonium pre- 

cipitates the metal completely as white sulphide ZnS, 
which is insoluble in water, in ammonia, and in ammonia- 
salts,* insoluble also in acetic acid; but easily decomposed 
and dissolved by (even cold dilute) hydrochloric or sul* 
phuric acid. Ammonia precipitates white hydrate, 

soluble in ammonia and in ammonia-salts. Caustic potash 
(also soda) precipitates white hydrate soluble in excess of 
alkali ; the solution, if concentrated, is not changed on boil- 
ing; but if dilute, the oxide is reprecipitated. From the 
alkaline solutions sulphuretted hydrogen completely pre- 
cipitates the metal as sulphide. 

168. Blowpipe tests. — The borcuK bead is colourless. Zinc 
compounds, when heated on charcoal with soda^ in the reduc- 
ing flame, give no metal, but a strong oxide-ring. The 
oxide, when moistened with nitrate of cobalt, and then 
strongly heated in the oxidizing flame, gives an infusible 
mass, which, after cooling, exhibits a pure grass-green 
colour. (Comp. § 71.) This is a very characteristic re- 
action. Sulphide of zinc can, by roasting, be converted 
into oxide. The green colour comes out quite clearly, even 
if the sulphide was not perfectly white. Very small quantities 
of sulphide are best treated in the following manner: — 
Dissolve in nitric acid, add a trace of cobalt nitrate, 
evaporate to one drop, take up this drop with a bit of filter- 
paper, dry and incinerate. The least trace of zinc colours 
the ash distinctly green. Or else : place some of the pre- 
cipitate on one end of an asbestos stick, and roast it over a 
Bunsen lamp. It is soon converted into oxide, which can 
be recognised by its being yellow in the heat and white upon 

* ZnS is ft^/ decomposed when boiled with sal ammoniac &Q\ut\oii. 
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cooling, and by its becoming green when strongly heated 
with nitrate of cobalt. 

169. Uranium (U = 240) 

is a rare element It occurs in nature chiefly in the form of pitch- 
blmde (impure UjOg). The metal (obtained by the action of sodium 
on the chloride UCI4) is similar in appearance to iron, but extremely 
hard, and endowed with the very high specific gravity of 18*33. 

170. Uranous oxide, UOs, as prepared by ignition of uranic oxalate 
in hydrogen, forms a black powder, insoluble in dilute hydrochloric 
and in dilute sulphuric acid, soluble in nitric and in concentrated 
sulphuric acid. The hydrated oxide is easily dissolved by dilute acids, 
the green solution contains : 

171. UranouB salts (Ex. UCI4). These are easily converted mto 
uranic salts by all those reagents which change ferrous into ferric 
compounds. 

172. Uranic oxide UOs is a brick-red powder ; its hydrate is a yellow 
precipitate easily dehydrated by heating. The oxide, when kept at a 
red heat in air, is reduced to U,Oe, in hydrogen to UO,. The oxide 
UO, unites with acids to form uranic salts, Jd of the oxygen being 
replaced by its equivalent of acid radicle. Ex. chloride := UOjCl, ; 
nitrate := U0|(N0,)2 ; sulphate UO,. SO4. In these salts, therefore, the 
residue (UO|), not (as in ferric salts, for instance) the metal itself, plays 
the part of the basic radicle. Uranic oxide unites also with basic 
oxides ; the compounds are called uranates (Ex. Na,0.2UO,). 

173. Reactions of Solutions of Uranic . Salts. (The solutions are 
generally yellow.) Sulphuretted hydrogen reduces them to uranous 
salts with precipitation of sulphur. Sulphide of ammonium gives 
a brown precipitate of oxysulphide (UOjS?), which, on exposure to 
air, is soon changed into hydrate with separation of sulphur. The 
precipitate is easily decomposed and dissolved by dilute acids. 
Ammonia gives a yellow precipitate of uranate of ammonia, which is 
nearly insoluble in water, and perfectly insoluble in ammonia, and in 
chloride of ammonium. If the precipitate is washed with pure water 
it goes through the filter; this can be prevented by addition to the 
wash water of chloride of ammonium. The precipitate is soluble in a 
solution of carbonate of ammonia ; the yellow liquid on continued boil- 
ing loses its alkaline carbonate, and deposits the whole of the uranium 
as a yellow precipitate. From the carbonate of ammonia solution, the 
metal cannot be precipitated by sulphide of ammonium. Potash 
(soda) precipitates yellow alkaline uranate, insoluble in excess of alkali. 

174. Blowpipe tests. — Uranium oxides and borcux give, in the redtu- 
ing flame a green, in the oxidizing flame a yellow, bead. 
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176. Thallium 

is a greyish white, soft metal of 1 1 *8 sp. gr. It melts at 294° and is 
volatilized at a red heat. In contact with air it quickly tarnishes ; when 
heated with a blowpipe flame it gives off a brown smoke of oxide. 
It does not decompose water, not even on boiling. Dilute sulphuric 
and hydrochloric acids readily attack it, with evolution of hydrogen and 
formation of thallious salts (TlCl, TljSO*). 

176. TliaUlouB oxide TlaO is prepared by exposing the finely divided 
metal at a gentle heat to air and water. The oxide formed dissolves 
in boiling water; the solution when evaporated deposits pale yellow 
needles of hydrate (TIHO). The aqueous solution of the hydrate is 
colourless ; it has a strong alkaline reaction, and absorbs carbonic acid 
from the atmosphere (like a solution of potash or soda). It saturates 
acids and forms thallious salts. 

177. Thalllc oxide Tl,Os, as formed by burning the metal in oxygen, 
is a dark brown powder. The hydrate is obtained by precipitating 
thallic salts with ammonia ; it is insoluble in water and in alkalies, but 
dissolves in acids, forming thallic salts. 

178. Soli^Uons of ThaUioiu salts and Reagents. (The solutions are 
generally colourless.) Sulphuretted hydrogen^ in presence of free 
mineral acid, gives no precipitate. Sulphiae of ammonium pre- 
cipitates dark brown sulphide TljS, easily decomposed by nitric, but 
somewhat difficultly soluble in dilute hydrochloric and in dilute 
sulphuric acid. Hydrochloric acid precipitates white chloride 
TlCl, difficultly soluble in water, less soluble still in dilute hydrochloric 
add. A concentrated solution of carbonate of soda, in the heat, dis- 
solves large quantities of thallious chloride, of which the greater part 
separates out again on cooling. Iodide of potassium precipitates iodide, 
which is at first orange, but soon becomes yellow. Iodide of thallium 
is almost insoluble in water ; the presence of moderate quantities of free 
acid or alkali slightly increases, but that of excess of reagent rather 
diminishes, its solubility. Platinic chloride^ from even very dilute 
solutions, precipitates a pale yellow chloroplatinate 2TlCl.PtCl4, solu- 
ble at 16**, in about 16,000 parts of water. (Compare chapter on potas- 
sium.) Zinc precipitates metallic thallium. Alkalies give no precipitate. 

179. TliaUie salts, generally, are decomposed by water, and can 
exist in solutions only in presence of free acids. From such solutions : 
Alkalies precipitate the whole of the metal as brown gelatinous hydrate. 

Hydrochloric acid gives no precipitate ; in presence of thallious 
salts it precipitates sesquichloride. Iodide of potassium on boiling 

gives a precipitate of thallious iodide beside free iodine. Sulphur- 

etted hydrogen, sulphurous acid, and other reducing agents, convert 
thallic into thallious salts. 
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180. Flame test. — ^The least trace of a thallium compound, when 
volatilized in a colourless gas-flame, imparts to it an intense green 
colour.- The spectrum of this flame consists of one green line. This is 
the most characteristic and delicate test for the metal. 

Summary and Additions, 

[Only AlniniTiinTn, Chrominin, Iron, Nickel, Cobalt, Man- 
ganese, Zinc, are here taken notice of,) 

181. Behaviour of compact specimens of the metals wlien 
heated with the blowpipe on charcoal. — Zinc melts readily 
below redness ; when heated to bright redness in the reduc- 
ing flame, it boils, with formation of an abundant oxide-ring. 
In the oxidizing flame it burns with a blue flame. Alumi- 
nium readily melts at a red heat ; it is absolutely non-volatile, 
and even in the oxidizing flame is scarcely oxidized. Iro?i, 
nickel, cobalt, chromium are absolutely infusible and non- 
volatile, and in the oxidizing flame are but slowly oxidized. 

182. Behaviour of the Metals to Acids. — Hydrochloric 
cuid dissolves them all (zinc, iron, chromium, and man- 
ganese very readily; cobalt and nickel only slowly) with 
evolution of hydrogen and formation of : — 

(I) (2) (3) (4) (5) (6) (7) 

RClx= CrCl, 1 A1,CU I FeCl, | NiCU | CoCh | MnCla | ZnCla 

Solution is 



Blue 



Colour- 
less 



Colour- 
less 



Green 



Colour- 
less 



Colour- 
less 



Red, if cold 
Blue, if hot 

If the solutions are treated with chlorine in the cold, then 
(2) and (7) remain unchanged, (i) and (3) are completely, 
(4)> (S)> (6) are partially, converted into higher chlorides ; 
if the chlorinated liquids are boiled, then the higher chlo- 
rides of (4), (5), (6), are reduced again, with evolution of 
chlorine, and there result solutions of— 

(0 (2) (3) (4) (5) (6) (7) 

RCl,=Cr2Cl6 I AI2CI6 I FeaCle | NiCla I C0CI2 | MnCh | ZnCIj, 

The colour of (dissolved) chromic chloride Qx^Q\ is 
violet or green ; that oi ferric chloride is intensely yellow in 
the heat, less so in the cold. The chlorides RCly are pro- 
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duced at once, if the chlorination is effected by means of 
hydrochloric acid and chlorate of potash in the heat Of the 
chlorides, RCly, ferric chloride is the only one which by 
the action of sulphuretted hydrogen is reduced. Products : 
FeCl2 and sulphur. 

183. Nitric add dissolves all the metals named, with 
formation, in each case, of a nitrate corresponding to the 
RCly (in case of iron and cold dilute 2Sa^^ ferrous nitrate is 
produced beside ferric\ and sometimes of nitrate of am- 
monia. The nitrates, although stable as solutions, are 
readily decomposed when hieated by themselves. If the 
solutions are evaporated to dryness, and the residues kept 
at 200° (the heat of a sand-bath) there is left ultimately — 



(I) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


CrjOs 


AI2OS 


Fe208 


NiaOs 


CoaOs 


MnOa 


ZnO 
xZn(N08)2 


Green. 


White. 


Brown. 


Black. 


Black. 


Black. 


White. 


Slowly attacked by nitric acid. 
Insoluble in hot dilute acetic 
acid. 


Easily dissolved by 
hot nitric acicf. 
Scarcely attacked 
by hot dilute acetic 
acid. 


Insoluble 

in nitric 

and in 

acetic 

acid. 


Soluble in 

hot dilute 

acetic acid. 



All soluble in hot concentrated hydrochloric acid [(i) and 

(2) dissolve very slowly, the rest more or less readily] with 

formation of the chlorides RCly 

184. The oxides just named when heated to redness in 

air yield — 

(I) (2) (3) (4) (5) (6) (7) 

CrjOs I AlaOs | FeaOs I NiO ^| CojOi | Mn804 | ZnO, 

and these when heated to redness in hydrogen are reduced to 

CraOs I AlaOs | < Metal > | MnO | ZnO.» 



185. Of the several oxides of the metals, oxide of zinc \^ 
the only one which, when heated on an asbestos stick in 
the yellow tip of a Bunsen's flame, yields vapour of metal 
condensible into a ^film^ 

* ZnO at a bright red heat is slowly reduced to metaL 
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186. When heated in a reducing blowpipe flame with 
carbonate of soda on charcoal, 

Oxide and salts of zinc yield a strong oxide'ra\%^ yellow 

in the heat, white in the cold ; 
Oxides and salts of cobalt^ nickel^ iron, yield infusible 

metal, which, on elutriation of the mass, is obtained 

as 2l powder following the magnet ; but no oxide-ring ; 
Oxides, etc, of aluminium, chromium, manganese, yield 

neither metal nor oxide-ring. 

187. When fused (in a silver dish) with caustic alkcUi, and 
alkaline nitrate, the oxides* of the metals behave as follows. 
The oxides of — 

Chromium 



Manganese 

yidd MnOsRsO. In- 
tensely green, soluble in 
water; solution green ; if 
heated with alcohol : com- 
plete precipitation of the 
Mn as MnsOs. 



yield CrOsRsO. In- 
tensely yellow ; soluble in 
water ; solution intensely 
yellow; not reduced by 
alcohol 



Aluminium^ 

yield Al,0«3RaO. White; 
soluble in water; solutbn 
colourless ; if heated with 
excess of sal-afntnontac : 
complete precipitation of tke 
alumina as hydrate. Sul- 
phide of ammonium acts 
like chloride, but is not so 
safe a precipitant. 

The oxides of iron, nickel, cobalt, are not converted into 
soluble alkali-salts ; oxide of zinc (probably) partially passes 
into soluble zincate. ( Vide infra.) Upon these re- 

actions is founded the most exact method for testing a mix- 
ture of oxides, carbonates, chlorides, etc., of the iron group, 
for chromium, manganese, and aluminium. 

188. The oxides^ when heated on charcoal with nitrate of 
cobalt in the oxidizing flame, behave as follows : — 

Oxide of zinc yields z. green mass.* 
Oxide of aluminium 2AA\xQ VCL2&%,* 
The rest give no characteristic colourations. 

189. The salts of the metals may be divided into two 
classes, viz. : I. those which are formed by the union of some 
strongly basic oxide (such as K2O, Na20) with one or an- 

* These tests are available, of course, not only for the oxides, but also for those 
salts of the respective metals which, under the circumstances of the experiments, 
are, or by some operation or other — e.g.^ mere heating, roasting, etc,— can be con- 
verted into oxides. 
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other of the following oxides : CrjOs, CrOj, AljOa, ZnO, 
MnOa, Mn207 ; and II. those which are formed by the union 
of decided acids (hydrochloric, nitric, sulphuric, etc.), with 
the oxides : CrgOs, AI2O3, FcgOs, FeO, NiO, CoO, MnO, 
ZnO. [The bases NigOa, C02O3, MngOs, CrO, are of little 
practical importance, and therefore are here left out of con- 
sideration.] Those of the 

190- Salts of Class I. 
in which potash or soda plays the part of base (provided 
they contain a sufficiency of basic oxide) are soluble in water, 
and consequently the corresponding hydrated oxides dissolve 
iA aqueous potash or soda, in the cold at least. The solu- 
tions exhibit the following properties : — 



ZnO. 


A1,0.. 


Cr,0,. 


Colourless. 


Green. 


Not preci 

bOL 

\{ con- 
centrated. 


>itated on 
ing 

whether 

dilute or 

strong. 


On boiling, 
the whole 

oftheCr,0, 

is pre- 
cipitated. 




Yellow. 



Not precipitated on boiling. 



If the solutions are heated with some alcohol^ then — 



Solutions remain unchanged. 

If solutions are heated with excess of sal- 
ammoniac^ then — 



Oxide 

renuiins 

dissolved. 



The whole of the oxide 
is precipitated. 



No change. 



The whole of the 
metal is precipi- 
tated (as a hy- 
drated oxide. 



Note, — The oxide ZnO, even after ignition, is readily soluble in am- 
monia ; the hydrates of Cr,Oa and AI3O, are slightly soluble in ammonia, 
but, from these solutions, can be completely precipitated by boiling off 
the ammonia. 

191. The oxide MnOa is stable in strongly alkaline solu- 
tions only \ if the solution is acidified, the oxide is decom- 
posed, with formation of a precipitate of peroxide and a solu- 
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tion of heptoxide. Acid solutions of the oxides CrOs 

and Mn207 are reduced by sulphuretted hydrogen to salts of 
Cr203 and MnO respectively, with precipitation of sulphur. 

192. Salts of Class I L 

Solutions of the oxides ZnO, MnO, CoO, NiO, FeO, CrgOs, 
AI2O3 in excess of aqueous minerai acid^ are not affected by 
sulphuretted hydrogau But if, previous to the application 
of this reagent, the solution, in each case, was mixed with a 
sufficiency oi acetate of soda, then the effect is as follows : — 

Zinc: readily precipitated in the cold 2,% white sulphide. 

Cobalt^ Nickel: slowly precipitated in the cold, but more 
readily on heating, as black sulphide. 

Manganese : chromium, aluminium : not changed. 

By the joint effect on neutral solutions of any of the salts II, 
of sulphuretted hydrogen and enoygh of ammonia to keep the 
mixture neutral to the end, or oi sulphide of ammonium, the 
metal in each case is completely precipitated. The proper- 
ties of the precipitates are given in the following table (193) — 



Cr,Os- 


AUOa- 


FeO- 


MnO- 


ZnO- 


NiO- 


Cr«0«xH20. 


Ala03xH,0. 


FeS. 


MnS. 


ZnS. 


NiS. 


Green. 


Colourless ; 
semi-trans- 
parent 


Black. 


Light col- 
oured ; but 
becomes 
brown on 
exposure to 
air. 


White, 
not dis- 
coloured 
in air. 


Black. 



CoS. 
Black. 



Readily dissolved by cold dilute hydrochloric acid ; products 



Cr»CU I AlaQe 
And water. 



FeCb I MnCls | ZnCU 
And sulphuretted hydrogen. 



Scarcely attacked by 
cold ^ 10 ®/o hydro- 
chloric acid. 

Slightly 
soluble 

in yellow 

sulphide 

of am- 

monium. 

Solution 

brown. 

An the precipitates are readily dissolved in the heat by hydrochloric acid on 
addition of chlorate of potash or nitric acid ; products 

Cr,CU I A1«C1, I Fe,CU I MnCU I ZnQi | NiO* | CoCU 
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194. Supposing each of these solutions to be largely 
diluted with water, to be neutralizedy in the cold, with car- 
bonate of soda, and then — 

(fl.) boiled with excess of acetate of soda ^ then — 



CrtOs- 


AI2OS- 


FeaOs- 


MnO. 

• 


ZnO- 


NiO- 


CoO-(Salt). 


Greaterpart 

of the metal 

remains 

dissolved. 


The whole of the metal 
is ^reci^tated as 
Ikisic salt, which on 
cooling, partly re- 
dissolves. 


Solutions, in presence of a sufficiency 
of free acetic acid, remain clear. 



195. If (b,) the cold soltdions be treated with carbonate of 
barium^ thai — 



The whole of the metal is Rafter 
some time) precipitated as basic 
salt. 



The whole of the metal remains 
dissolved. 



A small 
quantity of 
metal is pre- 
cipitated ; 
the greater 

part (in 
general) re- 
mains dis- 
solved. 



196. If(c,) the {acid) solutions be mixed with sal- ammoniac 
and excess of ammonia^ then — 



The metal is nrecipitated as basic 
salt ; and if the excess of ammonia 


The metal remains dissolved. 


On exDOsure to air — 


be boiled off, the precipitation is 
complete. 


The metal 


No 


Substan- 


Change 




is gradually 


change. 


tially no 


from red to 




precipitated 




change. 


brown, but 




as hydrated 






no precipi- 




MnsOs. 






tate. 




If excess of 










NH»be 






boiled off 






(at once) the 






metal re- 






mains per- 






manently 
dissolved. 









197. Behaviour to caustic potaah or soda of solutions of 
salts of 

Ferrosum^ ferricum^ cobalt^ ) Precipitate of hydrate, insoluble 
nickely manganese^ f in excess of reagent 
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Aluminium^ chromium, 1 Precipitate, soluble, in the cold at 

zinc, ) least, in excess of alkali. 

(Compare § 190.) 

Upon these reactions «xact methods of separation cannot, 
in general, be founded. Thus for instance, from a mixed 
solution of ferric and chromic salt, caustic potash precipi- 
tates not only the iron, but also part or the whole of the 
chromium. A mixed solution of chromic and zinc salts, 
when mixed with, excess of alkali, gives a permanent pre- 
cipitate, which may contain the whole of both metals. 
Ferricum and aluminium cannot be completely separated 
by addition of even a large excess of concentrated alkali in 
the heat ; a more exact method for effecting this separation 
is, first, by means of sulphuretted hydrogen, to reduce the 
ferric to ferrous salt, then to add excess of alkali and to 
boil, until the ferrous hydrate is converted into black an- 
hydrous oxide (FesO* + xFeO) and at last — after dilution — 
to filter. The precipitate is almost free from alumina. — 
{Fresenius,) 

Examination of a Solution of Salts for Metals of the 

Iron Group. 
198. Supposing, from a given solution of metallic salts, 
say, for fixing ideas, nitrates, we had first precipitated the 
silver, mercurosum, and part of the lead by means of hydro- 
chloric acid; the filtrate had then been evaporated with 
hydrochloric acid, to expel the nitric acid, and from the 
solution of chlorides thus obtained we had then, after dilu- 
tion with water, etc. (see §§ 39, 46, 77), eliminated the copper 
and arsenic groups by means of sulphuretted hydrogen, as 
sulphides, and filtered these off. From such filtrate the 
whole of the iron group can be precipitated by means of 
sulpJdde of ammonium, and thus be separated at least from 
any potassium or sodium that may be present ; but whether 
or not the barium group metals and the magnesium remain 
dissolved, mainly depends on the nature of the acids present. 
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199. If {a) the solution contained none other but such 
acids, of which the Ba, Sr, Ca, Mg salts are soluble in 
water and in ammonlacal salts, then, substantially and 
generally at least, the barium group and the magnesium 
remain dissolved. To effect as complete a separation as 
possible, and at the same time to render the precipitate 
filterable, add a somewhat considerable quantity of sal- 
ammoniac ; take care, if nickel should be present, to use 
colourless sulphide of ammonium ; keep the mixture for 
some time at a gentle heat (4o°-5o°), shake violently and 
filter. If these precautions are observed, the filtration will, 
as a rule, proceed satisfactorily, and generally the bulk at 
least of what does not belong to the iron group remain 
dissolved. But whatever we . may do, if the precipitate is 
bulky, it will carry down traces at least of the oxides BaO, 
SrO, CaO, MgO; andvif the one last named is present 
along with alumina^ a part or the whole of it will go down 
as aluminate. The method ju^ given for the separation 
of the iron and barium groups becomes quite inappli- 
cable, if 

200. (b.) The solution contains certain acids (of which 
phosphoric and oxalic may be named as being the most im- 
portant). In presence of these, part of the barium group 
and of the magnesium are sure to be, and the whole of them 
may be, precipitated along with the iron group, in the form 
of such salts as phosphate of lime, phosphate of ammonia 
and magnesia, oxalate of lime, etc. 

Seeing then that the precipitate produced in the filtrate 
firom the copper and arsenic groups, by sulphide of ammonium 
may possibly have a very complex composition, we readily 
perceive that it would be absurd, in all cases, at once to 
apply to such a precipitate a complete and general method 
of separation, devised on the supposition of the most general 
case. It evidently is .much better first to apply, to separate 
portions of the liquid, a series of preliminary tests to prove, 
if possible, the absence of certain groups of the complex of 
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metals potentially present, and, on the basis of the data 
furnished by these tests, to devise a method of analysis 
which, by the shortest possible route, will lead to the de- 
tection of those metals, the presence or absence of which is 
not yet definitively established. Regarding the way in 
which this pioneering investigation should be conducted 
it is not easy to lay down definite rules. Beginners may 
provisionally adopt, the following method : — 

201. Given : the filtrate from the sulphuretted hydrogen 
precipitate — which we will suppose to have been freed, as it 
ought to have been, previous to the application of sulphur- 
etted hydrogen, from nitric and other oxidizing acids, 

(i.) Observe its colour, compare it with that of the 
original solution, and interpret your results accord- 
iiig to §§ 169-174, 182, 191. (See also § 287.) 
(2.) Test a small portion with ammonia and sulphide of 
ammonium, and draw what conclusions you can 
from the colour of the precipitate — if there is one 
—and its behaviour on addition to the mixture of 
dilute hydrochloric acid in the cold. (§ 193.) 
(3.) From a somewhat larger portion boil off the sulphur- 
etted hydrogen, add excess oi carbonate of soda, 
and boil ; the precipitate will contain all that is 
present of iron group and barium group metals. 
Collect it on a filter, wash with hot water, and test 
separate portions. 
(a,) For zinc by applying Bunsen's film-test (Comp. 

(§§ 185, 104.) 
{b,) With borax before the blowpipe. Cobalt, if 
present, will give a blue bead, even if diffused 
throughout a considerable mass of foreign 
matter, 
(r.) For manganese, chromium, aluminium, by the 

process suggested in § 187. 
(d.) For barium^ strontium^ by mixing some of the 
precipitate with a drop of hydrochloric acid. 
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exposing the mixture on one end of a fine 

platinum wire to the heat of a Bunsen*s fiame, 

and noting the flame colour. (Comp. Ex. 7 

and Div. iv. on flame tests.) 

(4.) To another portion, add some drops of nitric acid 

and boil down. A yellow colour indicates iron. 

After sufficient concentration, test for barium, 

strontium, and calcium, by adding a few drops of 

sulphuric acid and about one-third of the volume 

of the whole of alcohol, and, if necessary, allowing 

tcr stand for one or two hours. A precipitate by 

the acid alone indicates barium, strontium; if it 

only appeared after addition of alcohol : calcium. 

A part of the liquid, if iron is not obviously 

present, may serve to test for sesquioxides as a 

class, by means of sal-ammoniac and ammonia, 

(§196.) 

Note, — Negative results obtained in the test for Co 
and Ni in (2) or in tests (3) a^ b^ and d^ must not 
be considered as final. 

The results of these tests will sometimes amount virtually 
to a complete analysis of the iron group precipitate, but 
even if they do, they are all the better to be confirmed by 
a systematic analysis. 

202. We will now, for the sake of generality, assume the 
preliminary tests had not brought out much beyond showing 
that we had- to deal with a comparatively complex case, and 
on the basis of this supposition lay down a scheme of 
exhaustive analysis. For fixing ideas, let us suppose the 
group (cobalt, nickel) to be pretty largely represented. In 
this case it is expedient, first of all, to eliminate at least the 
bulk of this group. We accordingly begin by precipitating 
the liquid — after saturation of the free acid by means of 
ammonia and addition of a somewhat considerable quantity 
of sal-ammoniac — with an excess of sulphide of ammonium, 
(Regarding the modus operandi^ see Exercise 32 (2) and 
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Note i. page ii6.) 'the filtrate (Note ii. page ii6) 

contains all ^t potassium and sodium^ and generally ^ a part 
at least of the barium^ strontium^ calcium^ and magnesium. 
The precipitate is washed, first, with very dilute lukewarm 
sulphide of ammonium, then with hot water, and lastly, 
digested, in the cold and in absence of air ^ with 5% hydro- 
chloric acidy whereby it is split up, substantially at least, into : 



▲ Blade Residue 



and 



▲ FUtrate 



consisting of NiS and CoS. How 
these two metals can be separated 
from each other, was shown in 
{154. Regarding the potentially 
present foreign admixtures, see 
Note 3, page 1 16. 



which can contain only traces of 
nickel or cobalt, but contains all 
that was present in the original 
precipitate of Fe, Mn, Zn, AI, 
Cr, Ba, Sr, Ca, Mg, and of 
the add radicles PO/", CjO/, 
etc 



To analyse the filtrate, 

peroxidize the iron by heating the liquid with a granule of 
dilorate of potash, add sal-ammoniac (if necessary), and 
after cooling, and with continuous agitation, ammonia, drop 
by drop, until the mixture is alkaline ; then boil, until the 
vapours no longer smell of ammonia. At last filter, and 
wash the precipitate with hot water. 



Fx«elplUto. 
A = h>*drmtes of AlaOi, Cr,0» 

Fe,0^ 
B = BuO. SrO, CaO, MgO as 

phosphates. ammonio-phos- 

)>hate«t oxalatest etc 
C » traces of (N\ Co^ Mn, Zn) O. 



Flltnite. 
D ^ Mn, Zn (traces of Ni and Co) 
as ammonia-doable-salts, also 
part at least of that portion of 
the (Ba, Sr, Ca, Mg) O = * E' 
which was originally 'carried 
down' by the alumina, etc. 



20s. 7> 4i:flr«?/v^ Mr pireciidtate, 

ists the con^^lex A-f B+C, employ, of the following two 
roethvxtSx the one which applies to the case. 

K BMtam iHMip abMnt^Fuse with caustic soda and 
^M^y in « sihxr vK^Ox, treat the fused mass widi water, remove 
the MKi.^|(<iM^ i^|xies«nt as MnOjRjO) &om the solution by 
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heating it with a few drops of alcohol ; dilute and filter. 

The filtrate contains all the Cr, Al, P, and part perhaps of 

the Zn, as alkaline 

Chromate {yellow), - 

Aluminate (colourless), ,^ « « v 

Phosphate {colourless), f (Compare § 187.) 

Zincate (colourless), ) 

To test for AI2O3 and P2O5, add excess of sal-ammoniac 
and heat until all the free ammonia is driven ofl^ then filter. 



Fredpitate. 

(I.) Aifij^FtO^ 
(2.) AljO>xH,0. 



Filtrate. 

(In absence of (2.), possibly) 
alkaline phosphate and (in any 
case) the zincate, which can be 
detected by means of (NH4)jS. 

Regarding the detection of the phosphoric acid in (i) 
and in the filtrate, see Div. iii. 

That portion of the fiised mass which did nol dissolve in 
water, together with the Mn203 precipitated by the alcohol, 
may contain : — FcsOs, Mn20s, MgO, (Ni, Co, Zn)0, possibly 
also traces of (Ba, Sr, Ca), as phosphates, or even as oxides. 
(See note 4,. page 116.) 

II. Barinin Group present. — Dissolve the precipitate (A+ 
B+C) in the least quantity of hydrochloric acid, add 
sulphuric acid, to precipitate the Ba and Sr, and then about 
J of the volume of the whole of alcohol, to precipitate the 
Ca. After some hours' standing, filter oflf the sulphates and 
wash them with dilute alcohol. (See note 5, page 116.) 
From the filtrate expel the alcohol by evaporation and re- 
precipitate by means of sal-ammoniac and ammonia (vide 
supra). The precipitate is, potentially, a mixture of hy- 
drated Cr208, hydrate or phosphate of AI2OS and Fe203, and 
PO^MgNHi, which may be analysed according to method 
L, page 112. 

The filtrate contains, potentially, alkaline oxalates and 
phosphates and magnesiay and may besides contain traces of 
Ni, Co, Mn, Zn. 

H 
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204. Analysis of complex D-\-E {filtrate from A^ -5, C). 

From this filtrate, supposing it to contain tolerable 
quantities of zinCy the bulk of this metal can be precipi- 
tated, as ZnS, by means of sulphuretted hydrogen in the cold, 
when the rest of the metals remain dissolved along with a 
trace of zinc, which, after addition of a few drops of acetate 
of ammonia, can be precipitated (free from Ni and Co) by 
cautious addition of H2S water. From the filtrate the 
manganese is precipitated (together with the Ni and Co) by 
means of ammonia and H2S, and identified with the blow- 
pipe. The Ba, Sr, Ca, and Mg remain dissolved. (Comp. 
note 6, p. 116.) 

205. If the group [cobalt, nickel), according to the pre- 
liminary tests, is seemingly absent, then — in absence of Ba, 
Sr, Ca — it is better, in the filtrate from the sulphuretted 
hydrogen precipitate, to peroxidize the iron, and then at once 
to precipitate the coptiplex A, B, C (the sesquioxides, etc), 
by means of sal-ammoniac and ammonia, and fi-om the 
filtrate to precipitate what is present in the shape of Mn, 
Zn (Ni, Co), by means oi sulphide of ammonium. If, in this 
case, the barium group is present, it may, of course, previous 
to the application of the sal-ammoniac and ammonia process, 
be eliminated by means of sulphuric acid and alcohol. To 
insure as successful a separation as possible, the iron should 
first be peroxidized (because ferrous sulphate is far less 
soluble in dilute alcohol than ferric) and the liquid be con- 
centrated by evaporation, before the sulphuric acid is added. 

206. In absence of chromium 

The method detailed above had better be replaced by the 
following one : — 

(Supposing alumina, iron, and possibly phosphates or 
oxalates of Ba, Sr, Ca, Mg to be present.) Peroxidize the 
iron, allow to cool, dUute largely with water, add, drop by 
drop solution of carbonate of soda, until the precipitate, 
locally formed, is very slow in re-dissolving, then add an 
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excess of solid acetate of soda. If the liquid does not assume 
the red colour characteristic oi ferric acetate^ this proves that 
there is more phosphoric acid present than can be precipitated 
by the iron and AI2O3, as R2O3.P2O6. In this case 2A^ ferric 
chloride vcD^ the liquid is strongly coloured by ferric acetate. 
Now boil and filter in the heat 



Tlie predpltate 

contains all the iron^ alumina, and 
phosphoric <icid^ and the whole of 
what is virtually present of oxalate 
of limej possibly also barium and 
strontium as oxalates. If neces- 
sary, test a portion of the pre- 
cipitate for Ba, Sr, Ca, by dis- 
solving it in hydrochloric acid, 
and adding sulphuric acid and 
alcohoL To search for alu- 

mina, add to the hydrochloric 
solution, or to the filtrate from 
the sulphates after expulsion of 
the alcohol, caustic soda in ex- 
cess, filter, and from the filtrate 
precipitate the alumina (as such, 
or as phosphate) by means of sal- 
ammoniac. The precipitate pro- 
duced by the caustic alkali may 
contain traces of nickel and cobalt 
— and invariably contains part at 
least of the alumina. The separa- 
tion of Fe and Al is more com- 
plete if, previous to the addition 
of the caustic soda, the ferric salt 
was reduced to ferrous by means 
of H«S. (Comp. g 197 and note 
7, page 117.) 



Tbe filtrate 

in absence of CgOfHs contains all 
the protoxides MeO. To precipi- 
tate the 

Zinc, add, in the cold, sulphur- 
etted hydrogen water, until there 
is either an excess of this reagent, 
or until a dark-coloured precipitate 
(NiS or CoS) begins to make its 
appearance. Filter rapidly, and 
from the 

Filtrate precipitate the nickel 
and cobalt by neutralizing the free 
acid with caustic soda, and then 
saturating the liquid in the heat 
with sulphuretted hydrogen. To 
redissolve the manganese which 
may have gone down as MnS, 
add excess of acetic acid, digest 
for some time and filter. 

T\iQ JUtrcUe contains the man- 
ganese beside Ba, Sr, Ca, Mg 
(K, Na) salt. From this liquid 
the manganese is best precipitated 
(as MnOa) by adding bromine- 
water (or liquid bromine) and 
digesting for some time at about 
80° C. The rest of the metals 
remain dissolved. 

The alkali metals^ on account of 
the introduction of large quantities 
of sodium salts, must be searched 
for in a separate portion of the 
filtrate from the copper and arsenic 
group precipitate. 



1 1 6 Metals. 



NOTES. 

207. I. This precipitate is generally very difficult to filter. If the 
mixture, previous to the filtration, is boiled until the excess of sulphide 
of ammonium is expelled, the precipitate becomes more manageable, 
but, at the same time, some of the manganese and iron at least is 
re-dissolved. The best method probably would be, first to boil off the 
excess of (NH4)*S, then to add again enough of this reagent to re-pre- 
cipitate what has gone into solution of the iron group, to keep the 
mixture in a stoppered beaker flask until the precipitate has settled 
completely, to draw off the clear liquor, and while this liquor was being 
examined, to wash the precipitate, once by decantation with warm 
highly diluted sulphide of ammonium, and then, on the filter, with 
hot water. 

2. If the filtrate should be brown from sulphide of nickd, this metal 
can be removed by first boiling off the greater part of the sulphide of 
ammonium, and then removing the rest of the sulphur by cautious 
addition of mercuric chloride. The precipitate contains the whole of 
the nickel as sulphide, beside sulphide or chlorosulphide of mercury. 
The two metals can be easily separated by igniting the precipitSite (in a 
draught place, on account of the poisonous mercury vapours), or in 
other wa)rs. 

3. Any lead or cadmium, etc., which escaped precipitation by 
sulphuretted hydrogen, will find their way into this precipitate. [So 
would, in case oi thallium, that part of the metal which had not gone 
down along with the silver, etc., as chloride.] The lead and cadmium, 
after conversion of the whole into a slightly acid solution of chlorides, 
are easily removed by means of sulphuretted hydrogen. [The thallium^ 
after conversion of the sulphides into nitrates, may be eliminated by 
means of iodide oi potassium,] 

4. This precipitate can be analysed by dissolving it in hydrochloric 
acid and then applpng the method described in { 206. 

5. The sulphate precipitate not unfrequently contains magnesia and 
metals of the iron group. To recover these, wash it with hot water 
and precipitate from the filtrate what is present of Mn, Zn, etc, vdth 
sulphide of ammonium. The filtrate must be tested for calcium and 
magnesium according to §§ 228 and 238. 

6. A more exact method for the examination of this filtrate is the 
following : first, evaporate to dryness and bum off the ammonia salts 
at the lowest possible temperature. Then dissolve the residue in the 
least quantity of acid (NO,H or HCl), precipitate the metals as car- 
bonates, by means of carbonate of soda in the heat, convert the car- 
bonates into nitrates^ and heat these in a porcelain basin in a sand-bath 
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to about 2CX>°, until they are decomposed as completely as possible at 
that temperature. Now, to extract the 

ZinCy boil with dilute acetic acid, and filter. From the filtrate the zinc 
is precipitated by sulphuretted hydrogen. The filtrate from the ZnS 
contains the Ba, Sr, Ca, Mg, associated usually with part of the nickel. 

After elimination of the zinc, treat the washed residue with hot nitric 
acid to dissolve the nickel and cobalt. The manganese remains as MnO^ 

7. To separate even small quantities of cobalt or nickel from iron, 
convert the metals into a slightly acid solution of chlorides (which must 
contain the iron as FesCU), dilute to about 500 times the weight of the 
iron with water, and add to the cold liquid, drop by drop, a solution 
ci carbonate of ammonia, until the mixture is opalescent, without being 
actually turbid, and remains so on being left to itself. This being 
done, boil for some time and filter. The iron (also the alumina if 
present) is completely precipitated ; the nickel and cobalt pass into the 
filtrate, from which they can be precipitated by means of sulphide of 
ammonium. If this method (or the acetate of soda process) is applied to 
a liquid which contains only AlaOs but no FeaOs, it is as well to add some 
ferric chloride to enable one to hit upon the exact point of neutrality. 

S08. If the method given in §§ 202-205 was applied to a liquid con- 
taining one or some of the rarer elements of the group, then the 
uranium, titanium, and the rare earths would have to be looked for in 
the sesquioxide (A, B, C) precipitate; of the earths, however, some 
might pass into the ammoniacal filtrate. The uranium can be ex- 
tracted by digestion with a solution of carbonate of ammonia, (Comp. 
2 173.) The titanium, from the hydrochloric solution of the precipi- 
tate, may be precipitated by long continued boiling, as TiO*. In 
the fusion process it would probably ultimately pass into solution along 
with the alumina, etc. (Comp. { 128 et seqq,) Regarding the earths, 
it is difficult to make any short statement worth having. The 

thallium would go (mainly at least) with the nickel and cobalt sulphides. 
(See Note 3, page 116 ; aJso § 175 et seqq,) 



D. BARIUM GROUP. 
Barium, Strontium, Calcium. 

209. The metals are pale-yellow solids, endowed with 
metallic lustre and a certain degree of ductility. When 
heated in absence of air they melt at a red heat, but even 
at somewhat higher temperatures remain un volatilized. 
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The specific gravities of Ba, Sr, Ca, are (about 4), 2-54, 
and I '58 respectively. When exposed to the air they 

rapidly tarnish, and are gradually converted into hydrates and 
carbonates. When heated in air they bum, with a brilliant 
light, into oxides R^O. They readily decompose water at 
ordinary temperatures, with formation of hydrate and hydro- 
gen. Towards dilute acids they behave like the metals 
of the iron group ; only their actions are far more violent 

210. The oxides (baryta, BaO ; strontia, SrO ; lime, CaO) 
are white or greyish-white solids, which, when heated on 
charcoal with the blowpipe-flame, do not fuse, but emit an 
intense light; they are absolutely non-volatile, even at the 
highest temperatures producible by an oxyhydrogen blow- 
pipe. They act energetically on water ^ with formation of 
hydrates R''O.H20=R''(OH)2. 

211. These hydrates, when heated to redness, behave 
differently. Barium hydrate melts, but is not otherwise 
changed. Strontium and calcium hydrates lose their water 
(Ca(H0)2 the more readily), and are reduced to oxides. 
The hydrates are all three soluble in water, but to different 
extents. Solutions, saturated in the heat, of the barium or 
strontium compound, deposit, on cooling, abundant crops 
of crystals of the composition R''(HO)2.8H20. [Baryta 
crystals dissolve in about 20 parts, the strontia ones in 50 
parts of cold water.] A solution saturated in the cold, of 
calcium hydrate (* lime water,' which contains about T^th 
of its weight of CaO), when heated to ebullition, deposits 
a part of its dissolved hydrate. The solutions exhibit a 
strongly alkaline reaction to litmus and turmeric paper ; 
they readily saturate all properly so-called cuids with forma- 
tion of salts, of which the normal ones are neutral^ or, if 
derived from ^weak* acids, such as acetic, for instance, 
alkaline to litmus. The hydrate-solutions eagerly absorb 
carbonic acid with formation of precipitates of carbonates 
ROCOa, which are slightly soluble in carbonic acid water, 
from which solutions they are re-precipitated on boiling. 
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Strontia or linUy when heated in oxygen^ remain unchanged, 
baryta (i.e. the oxide BaO), under these circumstances, is 
converted, partially, into 

212. Perozide of barinin BaO, — sl greyish-white solid, 
which, when strongly ignited, or heated in steamy loses one 
half of its oxygen, and is reduced to BaO or Ba(0H)2 re- 
spectively. The peroxidCy when added gradually to an 
eoccess of cold^ dilute mineral acid^ is decomposed into baryta- 
salt and a solution of peroxide of hydrogen H2O2. 

The following tables give synoptic views of the properties 
and certain reactions of the most important salts of the 
group, and also, for the sake of comparison, of the corre- 
sponding compounds of magnesiain. 

213.— I. The Chlorides. 





Barium. 


Strontlnxn. 


Caldnm. 


Magneslnxn. 


Dry chlorides 
K/'CP; pro- 


White sodids fusible at a red heat into colourless liquids, which, 
in abstnce of waier^ remain undecomposed. They are all 


perties^ 


easily soluble in water ; the 


solubilities in 




water and in 


Basalt is al- 


Sr-sa/t also is 


Ca- and Mgsalts are easily 


aqueous hy- 


most insolu- 


iess soluble^ 


soluble in aqueous hydro- 


drochloric 


ble in strong 


in presence 


chloric acid. 


add. 


kydrocklortc 


than in ab- 






acid. 


sence of HQ. 




Dry dilorides 


Insoluble in a3- 


Dissolves in 


Easily soluble in even absolute 


and alcohoL 


«0/K/^,slightly 


X16 parts of 


alcohol. 




soluble in or- 


cold absolute 






dinary (867.) 


and in less of 






alcohoL 


ordinary al- 








cohol. 




Formulae of 


BaCliaHaO, 


SrCl8.6HaO 


Caa2.6HaO, 


MgCla.6H90, 


salts, crystal- 


stable in 


deliquescent, 
soluble in 6 


deliquescent. 


deliquescent. 


lized from 


moist air. 






water. 




parts of ordin- 
ary alcohol. 






On dehydra- 
tion by heat* 


The Ba- and Sr-salts remain 


The Casalt is 


The Mgsalt 
is largely de- 


undecomposed. 


very slightlv 
decomposed. 


ing. 




composed. 








with forma- 








tion of in- 








soluble basic 








salt. 



I20 



Metals. 



214.— II. The Nitrates R^ONsOg 

are white salts, which, when heated, for themselves, are 
decomposed, leaving, ultimately, residues of oxide R^O. 
They are all soluble in water ; from the solutions they can 
be obtained in crystals. 

(Nitrates of) 





Baryta. 


Strontla. 


Lfme. 


Magnesia. 


Dry salts and 
alcohoL 


Insoluble in absolute^ slightly 
soluble in ordinary alcohol. 


Soluble in even absolute alcohol. 


Salts crystal- 
lized finom 
water. For- 
mulae ^ and 
properties. 


Ba(N08)». 
Soluble in 
Z3'5 parts of 
water of X 5*; 
less in dilute 
nitric acid, 
insoluble in 
the strong 
acid. 


(i.) Sr(N08)a 
octahedra. 

(2.)Sr(NO»)a. 
4HsO mono- 
clinic. 

(z.) dissolves 
in 5 parts of 
cold water. 


CafNOaK 
4HsO. 
Deliquescent. 


Mg(NO»)8. 
6HaO. 

Deliquescent ; 
soluble in o 
parts of al- 
cohol of o'8^ 
less so m 
absolute al- 
cohoL 


On cautious 
dehydration 
by heating 


These three nitrates remain undecomposed. 


Mg(N08)a is 
partly de- 
composed. 



215.-^111. The Carbonates. 

The carbonates E"0002 occur in nature; BaCOa ^s 
Witherite; SrCOs as Strontianite ; CaCOa as limestone^ 
marble, etc. {'Iceland spar' is pure crystallized CaC03); 
MgCOs as Magnesite, The carbonates BaCOj, SrCOa, 
CaCOs are obtained by decomposing the solutions of the 
chlorides or nitrates with alkaline carbonates^ in the form of 
white precipitates, which, if formed in the heat, are granular, 
and sometimes distinctly crystalline. The carbonate 
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MgCOa cannot be thus formed : the precipitate formed in 
magnesia-salt solutions by addition of carbonate of potash 
or soda, is a basic salt, MgO.xCOfi.yH2O of variable com- 
position. All these carbonates are easily decomposed and 
dissolved by dilute hydrochloric, nitric, acetic acid. The pre- 
cipitates (Ba, Sr, Ca) CO3, taking them in the granular form 
which they assume if formed in the heat, are only very slightly 
soluble in cold or hot water. The presence of carbonate 
of ammonia ((NH4)2C03) diminishes, that of sal-ammoniac 
increases, their solubility; when boiled for a sufficient 
time with a solution of the latter reagent, they are, to a 
very large extent^ decomposed and dissolved as chlorides. 
(A precipitate of carbonate or hydrate of magnesium is 
very readily dissolved by boiling sal-ammoniac solution.) 
The precipitated carbonates — 





BaCO« 


SrCO» 


CaCO* 


Mg-carbonates 


Require for solu- 
tion, of 
(i) />»nf watery 
(3) of water con- 
taining caustic 
NH3 and car- 
bcnaUoUNH^ 


(i) z 5,000 prts. 
(2) 140,000 „ 


x8,ooo prts. 
S7,ooo „ 


zo,ooo prts. 

(?) 


See § 237. 



The recently formed precipitates, when digested with 
solutions of alkaline sulphates^ behave as follows : — 



BaCOs is readily and completely con- 
verted into BaS04, especially on boil- 
ing. 



SrCC and CaCOs are not changed, not 
even on boiling. 



The carbonates, when kept for a sufficient time at suf- 
ficiently high temperatures, are reduced to oxides. In the 
case of the magnesia carbonates, the temperature required 
lies below visible redness. With the calcium salt the 
decomposition commences, but cannot be completed at 
a dull red heat, at which temperature the strontium and 
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barium salt remain unchanged. Quantities of one gramme 
or less, if heated within a platinum crucible (of about 15 cc. 
capacity) over a gas blowpipe, behave as follows : — 



BaCC renuuns (abso- 
lutely ?) unchanged. 



SrCOs* is as good as 

completely reduced 

after about twenty 
minutes. 



CaCO»t is more easily re- 
duced than the Sr-salt. 



216.— IV. The SulpJiates 

exist in nature; BaSO^ as heavy spar; SrSO^ zs ccelestifie ; 
CaSO^as anhydrite; CaS04.2H20 zs gypsum; MgS04.H20 
as kieserite (in Stassfurth). Ordinary sulphate of magnesia 
MgS04.7H20 is easily soluble in water; moderately dilute 
solutions give no precipitate on addition of J to J of their 
volume of alcohol. The precipitates formed on addition of 
sulphuric cuid to solutions of salts of barium, strontium, 
calcium, are BaS04, SrSO^, CaS04.2H20 respectively. 
These precipitates are more or less sparingly soluble in 
water {vide infra), but they are all three absolutely insoluble 
in alcohol, and as good as insoluble in moderately dilute 
alcohol, even in presence of moderate quantities oi free 
mineral acid. The calcium salt loses its water at a tem- 
perature far below redness. The anhydrous sulphates stand 
the strongest red heat without decomposition, but when 
kept at this temperature along with charcoal, are reduced 
to sulphides RS. By fusion with about ten times their 
equivalent of alkaline carbonate they are readily converted 
into carbonates. They can be distinguished from one 
another by the properties given in the following table — 



* w. D. 

t Small admixtures of Sr or Ba-salt in the lime salt, are readily caustizod along 
with the \dXltx.—4^EHg:elbach.) 
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BaSO* 



The precipitate, if 
produced in the cold, 
is, at first, milky, 
and runs through 
the filter. On con- 
tinued boiling, espe- 
cially in presence of 
free acid, it becomes 
granular and filter- 
able. 



SrSO, 



CaS04.2H,0 



The precipitates are, at first, pasty and very 
voluminous* (consist of a hydrate of SrSO* 
andahigher hydrate of CaSO* respectively?); 
but on standing after some time, and on 
boiling at once, become crjrstalline. They 
never show any tendency to pass through 
the filter. 



The granular precipitate is soluble : — 



in about 400,000 parts 
of pure water. 



in 7000 parts of cold 
and in 10,000 parts 
of boiling water. 



at 35° in 390 times 
the weight of the 
anhydrous sulphate 
of water; at 100' 
in about 460 parts. 



The presence of free HCl or HNO, increases, that of H^0\ dimin- 
ishes, the solubilities of the precipitates. In boiling 20'/o hydrochloric 
acid they dissolve, 

The Ba-salt m about I The Sr-salt in about I The Ca-salt very 
2000 parts, t I 200 parts, t > readily. 

^ the precipitcUes are digested in the cold, for about 12 hours, with 
excess of a concentrated solution of carbonate of ammonia, thenX the 



BaS04 remains un- 
changed.! 



Sr- and the Ca-salt are completely converted 
into carbonates. 



The same effects are produced by } hour's boiling with a mixed 
solution of I part of carbonate and 3 parts of sulphate of potash. | 



^ A solution containing as little as z part of SrCI^ in too, when mixed with excess 
of dilute sulphuric add, soon assumes the fonn of a paste, so that the test-tube can 
be turned upside down without a drop running out. 

t W. D. X According to H, Rose. 

I Substantially, not absolutely. ~(/*fVf^iW.) 
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The precipitates when digested for some hours in a close flask at. ioo% 
with twice their equivalents of a solution^ in 20-30 parts of water, of 
neutral oxalate of dmmonia, and some drops of caustic ammonia, 
behave cu follows!*: — 



BaSOi remains abso- 
lutely unchanged. 



CaSO* is completely 
converted into oxa- 
late. 



SrS04 is very largely, 
and by one repetition 
of the process can 
be almost completely, 
converted into oxa- 
late.t 

The addition to the mixture of once or twice (NH4)aS04, for every 
(NH4)aCa04, does not alter the effects, except that, in the case of 
SrS04 the decomposition never goes to the end. But if, instead of 
ammoniacal water, 12 % acetic acid he used as a medium of the action 

of excess of {2 (NH4)8S04-f i (NH4)aCj04}, then— 



BaSOi remains un- 
changed. 



SrS04 remains, sub- 
stantially at least, 
undecomposed. 



CaS04 is completely 
converted into oxa- 
late. 



Behaviour of aqueous solutions of Barium, Strontium, and 

Calcium Salts to Reagents. 

^17. Sulphuretted hydrogen^ sulphide of ammonium^ pure 
ammonia^ produce no change. Caustic potash\ liberates 
hydrate, of which a part may separate out as a precipitate. 
The precipitates are amorphous and bulky ; those produced 
in barium or strontium salt dissolve completely, the calcium 
one increases J on heating. (Comp. § 211.) Hydrate oilifne 
being quite insoluble in a dilute solution of caustic potash,% this 

* w. D. 

t On repeated treatment of SrS04 with (NH4)aC204. a point is soon arrived at, 
when another dose of reagent no longer extracts any SO4 : but the washed precipi- 
tate, when treated with dilute acid, always leaves a small residue of undecomposed 

SrS04. 

X The reagent should be absolutely free from carbonate and sulphate. 

§ Upon this fact is founded the customary method for the preparation of caustic 
potash iirom carbonate. 
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reagent may serve to completely precipitate that base from 
solutions of its salts. Carbonate of ammonia^ even in pre- 

sence of sal-ammoniac, gives a precipitate of carbonate. The 
precipitation is more complete in the heat than in the cold. 

218. Oxalate of ammonia gives a white powdery precipi- 
tate of oxalate. The lime salt is practically insoluble in 
water, in ammonia, and in ammonia salts, and almost in- 
soluble in, even hot, dilute acetic acid. The baryta salt 
dissolves in 2600 parts of water, more readily in sal- 
ammoniac, and still more so in cu:etic add. The strontium 
salt dissolves in 12,000 parts of water, and, also regarding 
its behaviour to the other menstrua named, is intermediate 
between the other two. 

219. Dilute sulphuric acid. From barium-salt solutions 
the metal is completely precipitated, even in presence of 
moderate quantities of free hydrochloric or nitric acid. 
In moderately dilute solutions of strontium salts, an im- 
mediate precipitate of SrS04 is produced ; the precipitation 
is promoted by heating. In very dilute solutions the pre- 
cipitate, if at all, appears only after some time ; in presence 
of a sufficient quantity of free hydrochloric or nitric acid no 
precipitate is formed. From concentrated solutions of 
ccUcium salts, a part of the metal is precipitated as 
CaS04 2H2O ; dilute solutions remain clear. But in all 
cases, even in presence of considerable quantities of free 
acid, a practically complete precipitation of the metal can 
be effected by addition, to the mixture, of a sufficiency of 
alcohol. (This holds a fortiori for barium and strontium,) 

219. a. An aqueous solution, saturated in the heat, of 
sulphate of barium is (practically) pure water ; a similar solu- 
tion of the strontium salt gives a faint precipitate with 
alcohol, and a very perceptible one with chloride of barium, 
but remains clear on addition of oxalate of ammonia, A 
solution of sulphate of lime gives strong precipitates with 
alcohol, with barium salts, and with oxalate of ammonia, 
A solution, saturated in the heat, of oxalate of calcium in 
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dilute (io%) acetic acid is practically free from this metal ; 
a solution obtained in the same way from oxalate of 
strontium gives z, faint precipitate, the corresponding solu- 
tion of the barium salt gives a strong precipitate on ad- 
dition of sulphuric acid and heating.* 

220. Hydrofluosilicic arCid (SiF4.2HF), in solutions of 
baryta-saltSy gives a colourless crystalline precipitate of 
BaSiFe, which is perceptibly soluble in water and in dilute 
mineral acids, but — even in presence of moderate quantities 
of free acid — almost insoluble in alcohol. Strontium 
and calcium salts are not precipitated, not even on addition 
of alcohol. 

221. Bichromate of potash, when applied to neutral or 
moderately acid solutions of the acetates^ is, like hydro- 
fluosilicic acid, a specific and tolerably sensitive precipi- 
tant for barium (precipitate BaCr04). 

222. Arsenioiis add. — ^An aqueous solution of this 
reagent, when added to a solution of chloride of calcium 
along with some ammonia, gives a white precipitate of 
arsenite of lime, difficultly soluble in water, but soluble in 
large quantities of ammonia salts, especially in the arsenite. 
Baryta salts gives a slight precipitate after twenty-four hoiu's' 
standing. Strontia salts are not at all precipitated. 

222. a. Phosphate of soda gives a white precipitate, 
soluble in acids, including acetic. 

Dry-way Tests, 

223. When a small quantity of a barium^ strontium^ or 
calcium salt is exposed, on a hair-fine platinum wire, to the 
flame of a Bunsen's lamp, or to a blowpipe flame, it generally 
imparts to the flame a colour which, in each case, is 
characteristic of the metal. 

The barium flame is intensely yellowish-green. 
„ strontium „ crimson, 

„ calcium „ is yellowish-red. 

When the flames are viewed through the spectroscope^ each 

' ' • " 

♦W.D. 
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metal is found to yield a peculiar spectrum,* different from 
those of the other two. By means of the spectroscope, the 
least quantities of barium or strontium, and (though less 
satisfactorily) also oi calcium, can be identified with certainty. 
The flame colours and spectra come out best with the 
chlorides. In the case of barium or strontium, the carbonates 
and sulphates also give sufficiently intense colours ; the 
corresponding salts of ccUcium however had better first be 
converted into chlorides, which, with the sulphate, is easily 
effected by first reducing it to sulphide in. the reducing 
blowpipe flame and then moistening the product with hy- 
drochloric acid. Certain non-volatile salts will give 
flame-colours only, after having been moistened with hydro- 
chloric acid. SUiccUes must first, by fusion with alkaline 
carbonates and treatment of the mass with water, be con- 
verted into carbonates. When a mixture of the three 
sulphates is exposed to a flame, then, generally at least, the 
barium colour comes out first and after some time is suc- 
ceeded by the one characteristic of strontium. 

224. The sulphates of strontia and baryta, when mixed 
with carbonate of soda and heated in a reducing flame on 
charcoal, fiimish transparent beads, which on continued 
blowing at last are completely sucked in by the charcoal. 
Sulphate of lime imder these circumstances yields a turbid 
bead, of which only that part which consists of sulphide 
and carbonate of sodium creeps into the charcoal, while the 
calcium (sulphide + carbonate) remains as an infusible mass, 
which, on being strongly heated, emits an intense light. By 
means of this test, an admixture of lime salt in coelestin 
or heavy spar can be detected with great facility. — {Plattner) 

Examination of a sdntion of salts for Barium, Strontium, 

and Oaldum. 
Given a solution of metallic salts which is free, or by the 
application of sulphuretted hydrogen in presence of free 

* Tbe spectra are probably those of the oxides^ not of the mttah theTna«Vi«&. 
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acid has been freed, from the copper and arsenic groups, 
and it is clear (after what was said in § 198 and in the pre- 
ceding §§ of this chapter) that, in presetice of substances j^re- 
cipitdbU by ammonia and sulphide of ammonium^ the only 
straightforward method for the separation of the barium group 
from the rest of the metals is, previous to the application of 
these reagents, to precipitate it out in the form of sulphate. 
This may be done in two ways. After having concentrated 
the liquid by evaporation to about 100 times the weight of 
(Ba, Sr, Ca), presumably present, one way is, 

225. First to precipitate with excess of sulphuric acid in 
the heaty whereby the whole of the barium^ and substantially 
also the strontium^ are eliminated as sulphates (precipitate A), 
and then, from the filtrate, after cooling, to precipitate the 
calcium by addition of a quantity of alcohol which is such 
that, while sufficient for the purpose, it does not cause a.ny 
noteworthy quantity of magnesia or of protoxides of the iron 
group to separate out. These foreign sulphates, if they 
should make their appearance, are easily distinguished from 
the lime salt by their forming comparatively large crystals. 
Iron, if present in quantity, should, previous to the appli- 
cation of the alcohol, be peroxidized by means of nitric 
acid.* With a little practice, the proper quantity of alcohol 
is easily hit upon. From one third to one half of the volume 
of the mixture is generally sufficient to cause a practically 
complete precipitation of the lime on 2-3 hours' standing. 
Instead of eliminating the lime as a separate precipitate 
(* B '), we are, of course, at liberty to 

226. Separate it out jointly with the baryta and strontia 
(precipitate=* A+B '). In either case the precipitate must 
be washed with dilute alcohol. The filtrate, before it can 
be examined for the iron, magnesium, and potassium groups, 
must be freed from alcohol by evaporation. 

* The sesquioxides (AlsOs, CraOs, FeaOs) are not likely to be precipitated by mo- 
derate quantities of alcohol, unless associated with a sufficiency of alkaline {i.e. K or 
NH4} sulphate, in which case they may go down as ' alums.* 
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227. The method just detailed for the separation of the 
barium group is the best that can be chosen, if the exami- 
nation for its three members is the only thing aimed at. If, 
however, a complete analysis be contemplated, then to 
have to delay the examination for the iron group until after 
the precipitation of the lime, and the presence in the liquid 
of large quantities of alcohol and sulphuric acid, are great 
inconveniences, and it is generally better to begin by 
removing from the solution what can be precipitated, by 
means of ammonia and sulphide of ammonium^ when, in 
general, a part of the barium group and of the magnesium 
are precipitated, along with the iron group (as phosphates, 
oxalates, aluminates, etc.), while the rest passes into the 
filtrate (* F'). From the hydrochloric acid extract of the 
sulphide of ammonium precipitate the metals Ba, Sr, Ca, 
Mg can be eliminated : the magnesium as part of a solution 
free from foreign metals except potassium or sodium, the 
other three as sulphates, as shown in §§ 203 et seq. From 
the filtrate F the barium group is best precipitated by 
means oi carbonate of ammonia in the heat (precipitate =*C'), 
when, in presence of a sufficiency of ammonia salts, the 
bulk at least of the magnesium remains dissolved. If large 
quantities of ammonia salts should have accumulated in the 
liquid, appreciable quantities of barium, strontium, and 
calcium escape precipitation. Hence, if carbonate of 
ammonia gives no precipitate, it is as well to test separately, 
for barium with sulphuric acid, and for calcium with oxalate 
of ammonia. But it is far better in such a case, and even 
necessary, if the highest degree of exactitude is aimed at, to 
remove the ammonia salts by evaporation and ignition, and, 
to the hydrochloric solution of the fixed residue, to apply 
the sulphuric acid method. Let us now see how the several 
products which may result from the application of these 
methods can be analysed or identified. 

228. Precipitate (A + B = [S04(Ba, Sr, Ca) + traces of 
sulphates of Mg, Ni, etc.] To examine this precipitate, 

I 
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first wash it with small successive portions of hot water, 
remove from the filtrate what is present of iron group 
metals by means of sulphide of ammonium, and test for 
calcium with oxalate of ammonia,^ By long-continued 
washing the whole of the calcium might be removed ; but 
this is a tedious process, which, moreover, entails the loss 
of a considerable portion of the strontium. It is better, 
therefore, to stop the washing process as soon as the 
foreign sulphates are removed (and the presence or absence 
of calcium established), and to apply to the residue 

229. Rosis methad of analysis^ />. by digesting the preci- 
pitate for 24 hours in a cold concentrated solution of car- 
bonate of ammonia^ to convert the strontium and calcium 
into carbonates^ and after having washed the precipitate 
(now BaS04+x(Sr,Ca)C08) with cold water, to extract 
these two metals by means of dilute nitric cudd. The sul- 
phate of baryta remains undissolved, and is easily identified 
by means of the flame test ; the two nitrates, after evapora- 
tion to dryness (which must be completed within a flask at 
about 1 1 o** in a current of air), can be completely separated 
by means of cold absolute cUcohol^ which dissolves the calcium 
salt only. (Comp. §§214 and 216.) 

Precipitate B (impure CaS04). — The right way of identi- 
fying the calcium in this precipitate follows at once fi"om 
what was said regarding * A-j-B.* 

230. Precipitate A (BaS04-f-xSrS04+perhaps a trace of 
CaS04). This precipitate must be washed witii small suc- 
cessive portions of hot water, so as to remove the mother 
liquor without dissolving more than is unavoidable of the 
strontia salt. If the wash-waters, even after removal of the 
free acid, continue to be precipitated by alcohol and by 
chloride of barium, this indicates the probable presence of 
strontium. If the last wash-waters remain clear on addition 
of barium salt, the precipitate probably consists, substanti- 

* The filtrate from the CaCO* may contain Mg. 
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ally, of sulphate of barium. An approximate separation of 
the two sulphates maybe effected by treating the precipitate 
with about 200 times its weight of boiling hydrochloric ctcid 
of 1*1 sp. gr. The strontium accumulates in the solution, 
in which, after evaporation to dr3mess, it can, even in pre- 
sence of moderate quantities of barium, be identified by 
means of the spectrum apparatus. The barium accumulates 
in the residue, and, although large quantities of strontium 
salt may have remained, can be detected by the green 
colour it imparts to a Bunsen's flame. In cas^ of need we 
can fall back upon Rose's process, which, according to 
whether the barium or the strontium were found apparently 
absent, must be applied to the undissolved residue or to the 
residue from the hydrochloric solution. 

231. Precipitate C (carbonates of Ba, Sr, Ca, and possibly 
Mg). — ^These carbonates can, of course, easily be converted 
into salts of any other acid ; we have therefore here the 
choice among a great number of analytical methods. We 
may, for instance, dissolve the precipitate in dilute hydro- 
chloric acid, and, after precipitation of the barium and 
strontium with sulphuric acid in the heat, examine the fil- 
trate for calcium by saturation of the free acid with ammonia 
and addition of oxalate of ammonia. The magnesia, if pre- 
sent, remains dissolved. The oxalate, if it appears only 
in the form of a faint turbidity, may possibly consist of 
strontium salt. To test it for calcium, collect it on a filter, 
incinerate, dissolve the ash in a few drops of hydrochloric 
add, precipitate with sulphuric acid in the heat (precipitate 
S1SO4), and test the filtrate for lime with ammonia and 
oxalate of anmionia. A large precipitate is sure to consist 
substantially of lime salt To test it for traces oi strontium, 
ignite it in a small platinum crucible over a gas blowpipe, 
boil the residue (CaO+xSrO) with water and filter. The 
filtrate contains the strontium and some of the calcium. 
The two metals, after conversion into dry nitrates, can be 
separated by means of absolute alcohol. Another method 
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is to convert the metals into a solution of acetates^ and 
to precipitate the barium either by means of bichromate of 
potash (as BaCr04), or by addition of hydrofluosilicic acid 
and alcohol (as BaSiFe). In either case the precipitation, 
if we give it sufficient time, is practically complete, while 
the strontium and calcium pass into the filtrate, from which, 
in the first case, they may be precipitated successively by 
means of sulphuric add and by ammonia and carbonate of 
ammonia respectively, while, in the second, they can be 
precipitated jointly by means of sulphuric acid and addi- 
tional alcohol. 

231a. Whichever of the methods above described we may 
adopt, we must always remember that they are all imperfect, 
and consequently not forget to identify each of the pro- 
ducts as a compound of the metal it is supposed to contain. 
Traces of any of the three metals when mixed up with 
comparatively much of one or both of the other two may 
escape any of the methods given, and in exact analyses 
must, if necessary, be specially searched for. To 

detect traces of barium or strontium in what is substantially 
a calcium compound, convert the metals into carbonates or 
oxalates, and these, by ignition, into oxides. This being 
done, the baryta and strontia can be extracted and approxi- 
mately separated from lime, by means of hot water. — {Engel- 
bach.) To detect traces of baryta in what is substantially 
oxalate of lime or strontia, boil the precipitate with 10% 
acetic cudd, filter, and precipitate with sulphuric acid. The 
precipitate (by theory BaS04) will be free from lime salt, 
but may contain strontia. The best method for the extrac- 
tion from a 'sulphate of baryta' precipitate of traces of 
strontia, probably is, to convert the strontia, by digestion 
of the precipitate in ammoniacal oxalate of ammonia, 
into oxalate (according to § 216), and from the washed 
precipitate to extract this salt by means of dilute hydro- 
chloric acid. 



Magnesium Group. 133 

E. MAGNESIUM GROUP.* 

Magnesium (Lithium). 
Magnesium, 

232. The metal — Magnesium is a silver white, soft, and 
pretty ductile metal of 174 specific gravity. It melts and 
volatilizes at about the same temperatures as zinc. It is 
not affected at ordinary temperatures by dry air ; in moist 
air it gets covered with a film of oxide. When heated to 
redness in air it burns with an intense white light and 
formation of an abundant white smoke of oxide. A thin 
strip of metal, when once kindled, continues burning by 
itsel£ On water and dilute acids it acts like zinc, but 
more violently. 

233. The oxide MgO ('Magnesia') is a light white 
powder, absolutely infiisible and non-volatile even at the 
highest temperatures. It is not reduced when heated in 
hydrogen, or on charcoal in a reducing blowpipe flame. 
When moistened with cobalt solution, and then heated in 
the oxidizing flame on charcoal, it forms a red infusible 
mass. It readily dissolves in hydrochloric and in dilute 
sulphuric acid; the solutions contain MgC^ and MgSO^ 
respectively. It is soluble also on continued boiling, in 
sal-ammoniac solution. 

234. The chloride MgCl2.6H20 forms colourless deli- 
quescent crystals, which are very readily soluble in water 
and in absolute alcohol. When the aqueous solution is 
concentrated by evaporation beyond a certain point, the 
salt is partially decomposed, with elimination of hydrochloric 
acid and formation of an insoluble oxychloride. By re- 
peated evaporation the salt can be almost completely 
decomposed. By repeated ignition with carbonate of 
ammonia it is converted, ultimately, into oxide. 

^ Berylliuxn, which for purely practical reasons was enumerated among the iron 
group metals, is &r more similar, in its general character, to magnesium. Lithium, 
so to say» forms the link between magnesium and the alkali metals. 
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235. The nitrate (comp. § 214) when kept at 200"^ is 
converted into a basic salt, which is soluble in hot dilute 
(udic add, and can be dissolved also by digestion in a 
solution of nitrate of ammonia. When ignited, it leaves 
oxide. 

236. The sulphate ngSO^-yHsO forms colourless crystals 
which are soluble in less than their own weight of cold 
water; insoluble in absolute, but moderately soluble in 
dilute, alcohol Six out of the 7H20's go off at 150°, the 
seventh can be driven out at a dull red heat, without decom- 
posing the sulphate itself. When repeatedly ignited with 
sal-ammoniac it is converted into a mixture of oxide and 
oxychloride. 

237. Behaviour of Solutions of Magnesia Salts to 

Beagents. 

Sulphuretted hydrogen, sulphide of ammonium : no visible 
change. Caustic potash (also soda, baryta) precipitates 

the metal almost completely as hydrate, a white precipitate, 
very slightly soluble in water, but easily dissolved, even in 
the cold, by sal-ammoniac: and other ammonia salts. 
Ammonia precipitates a part of the metal 4s hydrate ; in 
presence of a sufficiency of ammonia salt no precipitate is 
formed even on boiling. If the ammoniacal solution is 
mixed with one of alkaline phosphate,* the magnesium is 
gradually, but — ^in presence of a sufficiency of free ammonia 
— ^at last completely precipitated in the form of a oystalline 
double phosphate P04Mg (NH4) 6H2O. In dilute solutions 
the precipitate appears only after some time, but more readily 
on stirring. While slightly soluble in water, it is practically 
insoluble in dilute ammonia, but a little more soluble in a 
mixture of sal-ammoniac and ammonia. Dilute acids, in- 
cluding acetic, easily dissolve it. This, in absence of the 
barium group and of heavy metals, is a characteristic and 
very sensitive test for magnesia. SesquicarboncUe of 

* Microcosmic salt is said by some chemists to work best 
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ammonia gives no precipitate in the cold j on heating, a part 
of the metal is precipitated as basic carbonate. In presence 
of a sufficiency of sal-ammoniac^ fio precipitate is formed. 
When, however, an excess of a concentrated solution of the 
carbonate (NH4)2C03 {in practiccy a mixture of sesquicar- 
bonate and free ammonia) is added to a concentrated 
solution of magnesia salt, the magnesia is, after some time, 
almost completely precipitated in the form of the crystalline 
salt MgCOs(NH4)2C08 + 4H2O, which, though slightly 
soluble in water and in ammonia salts, is almost insoluble 
in a stfong solution of carbonate of ammonia (NH4)2C03. 
Oocalate of ammonia^ when added to moderately 
dilute solutions, gives, after some time, a crystalline precipi- 
tate of a double oxalate of magnesia and ammonia ; in 
presence of a sufficiency of sal-ammoniaCy however, the 
liquid remains clear. Dilute sulphuric acid, even in 

presence of moderate quantities of alcohol, gives fio precipi* 
fate. Nor does hydrofluosilicic acid. 

Magnesium salts do not, as such, impart any colour to a 
non-luminous gas-flame. 

Detection of Magnesium, 

238. In an aqueous salt-solution which is free of, or has 
been freed from, the metals of the copper, arsenic, iron, and 
barium groups, magnesia is easily detected (after super- 
saturation of the free acid, if present, by ammonia) by 
means of phosphate of soda, A small precipitate, however, 
must not be assumed to be the double phosphate, 
P04MgNH4, unless it is, or on standing becomes, distinctly 
crystalline. If flocculent, it may entirely consist of phos- 
phate of alumina, which oxide is not unfrequently present 
in consequence of its slight solubility in ammonia. 

339. Lithium (Li' = 7) 

occurs in nature as an essential constituent of certain rare minerals— 
for instance, oipetalite^ spodumene (both essentially silicates of alumina 
and lithia, in which the lithia is partially replaced by potash and soda), 



136 



Metals. 



triphylline (a phosphate of ferrous, manganous, and lithic oxides), 
lepidolite (lithia-mica). Traces of lithium are frequently found to accom- 
pany potassium and sodium in ordinary minerals, mineral waters, the 
ashes of certain plants, etc. 

240. The metal has the colour of silver, and is very ductile. It is the 
lightest of known metals, possessing the low specific gravity of 0*589. 
When exposed to the air it readily tarnishes, but not by any means so 
rapidly as sodium or potassium. When strongly heated in air it bums 
with a brilliant white light into a mixture of oxide LigO with some of a 
peroxide. It readily decomposes water in the cold, but less violently 
than potassium and sodium do. Dilute acids dissolve it with evolution 
of hydrogen and formation of lithia salts, e,g, LiCl. 

241. The oxide Li20 can scarcely be said to be known. Its hydrate 
LiHO is a white solid, similar in many respects to caustic soda, but fax 
less soluble in water. Its solution is strongly alkaline and readily 
saturates all acids. The hydrate fuses at a temperature below redness, 
but even at a white heat does not apparently volatilize. Lithia readily 
absorbs carbonic acid with formation of the 

242. Carbonate LiaCOs, a white crystalline salt, soluble in about 80 
parts of water at any temperature {Troost), but far more soluble in sal- 
ammoniac solution. The acid carbonate LiHCOs does not appear to 
exist, but the neutral salt, like the carbonates of the barium group, 
dissolves, more readily than in pure water, in water kept saturated 
with carbonic acid ; from such solution it separates out, on evaporation, 
in small crystalline scales ; small admixtures of potash or soda remain dis- 
solved. The dry carbonate fuses at a dull red heat, but at the same 
time loses a part of its carbonic acid ; at a bright red heat a very con- 
siderable portion of the CO, goes off, but no lithia is volatilized. Fused 
carbonate of lithia was formerly supposed to attack platinum, but accord- 
ing to Troosi this is the case only if the salt is contaminated with 
rubidium or caesium. 

243. The Chloride LiCl — when crystallized from water below 10*, 
LiC1.2H20 — is a deliquescent salt, very readily soluble in water. Even if 
anhydrous, it easily dissolves in absolute alcohol and also in a mixture 
of this liquid and ether (chlorides of potassium and sodium are insoluble 
in the latter menstruum). The aqueous solution when evaporated to 
dryness is only very slightly decomposed. 

The nitrate (LiNOs ; at temperatures below 10° it crystallizes with 
24HaO) is a very deliquescent salt 

244. The sulphate (LiaS04.HaO dissolves in about 3 parts of cold 
water and in about 3*4 parts of water of 100°. It is not to the same 
extent * insoluble * in alcohol as the corresponding sodium or potassium 
salt. — LiHS04 does not exist. 
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246. Tbe phospliate Li8P04 is the least soluble of all lithium salts, 
requiring 2500 parts of pure water and 39CX> parts of dilute ammonia for 
solution. The presence of ammonia-salt increases its solubility. Solu- 
tions of lithium salts, when evaporated with phosphate of soda and 
enough of caustic soda to keep the liquid alkaline, yield a precipitate of 
the phosphate LisP04. 

The Utartnite, diloroplatlxiate, perdUorate, are easily soluble in 
water. 

246. Seaction8 of salt-solutions. — To sulphuretted hydrogen, sulphide 
of ammonium, carbonate or oxalate of ammonia in presence of sal-am- 
moniac, — ^lithia salts behave like magnesia salts. They differ from 
these in this, that their base (Li,0) cannot be eliminated by boiling 
with excess of baryta-water, or milk of lime. 

247. Flame test. — ^The least quantity of a lithium salt, when volatilized 
in a colourless gas flame, imparts to it a crimson colour. In presence 
oisodium^ the colour does not appear. ^SV^iiz// quantities of potassium do 
not interfere with the test ; large quantities do. T)a& phosphate colours 
the flame only if previously moistened with hydrochloric acid. To 
apply this test to silicates^ they must first be decomposed by means of 
concentrated sulphuric acid or by fusion with sulphate of lime, or — if 
these reagents do not answer the purpose — by means of hydrofluoric acid. 

The spectrum of the lithium flame is highly characteristic ; it consists 
mainly of one very bright red line situated between the red potassium 
and the yellow sodium line. This line is distinctly visible, even if the 
quantity of lithium in the flame is too minute to produce a distinct 
colour, and it is not eclipsed by those of potassium or sodium. 
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Sodium, Potassium (Rubidium, CiESiuM). 

248. The metals* have the colour and lustre of silver. 
At and below certain very low temperatures they are hard 
and brittle, but at ordinary temperatures they are soft like 
wax, and very ductile. They are all lighter than water, and 
melt at temperatures below 100° C. They are all volatile, 
and at temperatures below 1040° (the boiling point of 
zinc) enter into ebullition. But at far lower temperatures 

* What is stated in this paragraph is derived from observations on potassium, 
mbidium» and sodium only ; caesium has not as yet been obtained in the metallic 
state. 
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(for instance, when heated in a combustion-tube with a 
Bunsen's lamp) they give out vapours, which in the case of 
potassium exhibit a green, in the case of rubidium a blue, 
in the case of sodium no colour. The metals when kept 
in perfectly dry air remain imchanged, but when exposed 
to ordinary moist air, quickly tarnish, with formation of a 
crust of hydrate and carbonate. When strongly heated in 
air, they bum with a brilliant light into oxide RaO and 
peroxide RaO. Ox. They decompose water with great 
violence, even at the lowest temperatures, yielding solutions 
of hydrate RHO. A piece of potassium or rubidium, when 
thrown on water, at once takes fire, or rather sets fire to 
hydrogen evolved, which bums along with more or less of 
metallic vapour, and the flame consequently exhibits a 
violet colour. (Com p. § 260.) Potassium^ sodium (and 
probably also the two other alkali metals), readily act 
on alcohol^ with formation of solutions of ethylates RC2H5O, 
which compounds in absence of air and water possess 
great stability even at high temperatures. Water decom- 
poses them, with formation of RHO and C2H5.OH. 
The metals readily unite with mercury^ forming amalgams, 
which in the case of sodium, at least, are solid, even if they 
contain only a small percentage of alkali metal. 

249. The following table gives some of the chemico- 
physical constants of the four metals : — 



Name. 


Sodium. 


Potassium. 


Rubidium. 


Caelum. 


Atomic weight, 
Spec. Gravity, 
Fusing point, 
BoUing point *T,» 


Na = 23 

0972 

95-6 
* About X040 


K = 39 

0-865 

62'.s 

Less than Tna 


Rb = 8s-4 

1-52 

38'.5 
* Less than Tk 


Cs = i33 

(?) 

Below 38*5» 

* Less than Tr 



250. In their general chemical character the four 
metals are very closely allied to one another : it is however 
to be observed that potassium, rubidium, and caesium 

* Probably. 
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resemble one another far more than they do sodium. 
Generally speaking, an alkali metal is the more easily 
fusible, the more volatile, the more electropositive, and its 
oxide the stronger a base, the higher its atomic weight. 

251. The oxides B2O are little known. Their hydrates 
(the ^caustic alkalies^), RHO, are white non-transparent 
solids, which, when exposed to a dull red heat, melt into 
colourless oily liquids, and at certain considerably higher 
temperatures are volatilized without apparent decomposi- 
tion. The fused hydrates readily dissolve glass and most 
other siitcatesy and attack all metals except gold and silver 
(and iron ?). They are extremely soluble in water ; 
caustic soda dissolves in 17 parts of water at 18°, the 
rest are still more soluble. The solutions are strongly 
* caustic' (/>. they readily attack and dissolve animal tissues, 
including the epidermis of the skin). The hydrates are 
soluble also in alcohoL [The corresponding carbonates 
and sulphates are insoluble, the chlorides difficultly soluble 
in this menstruum ; hence caustic alkalies, which are con- 
taminated with these salts, may be purified by solution in 
alcohol.] The alkalies are the strongest of known bases ; 
they readily unite with, and completely saturate, all acids ; 
and their solutions, even if largely diluted with water, 
colour red litmus paper blue, and yellow turmeric paper 
brown. The solid hydrates when exposed to the air, 
eagerly absorb water and deliquesce into solutions, which, 
in their turn, absorb carbonic acid ; this, in the case oisoda, 
leads to the ultimate re-solidification of the deliquesced 
mass. 

252. The peroxides. — Sodium 2Jidi potassium when heated, 
first in dry air and then in dry oxygen, are converted into 
dioxides Rs02. In the case of potassium, the dioxide^ on 
treatment with more oxygen, passes into tetroxide K2O4. 
This tetroxide when treated with water breaks up into 
oxygen and a solution of dioxide. The solution of either 
dioxide is stable at low temperatures ; but when boiled it 
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is decomposed with evolution of oxygen, and ultimately 
converted into one of hydrate RHO. The dioxides when 
added to an excess of cold dilute acid yield alkaline salts and 
peroxide of hydrogen H2O,. 

Alkaline Salts. 

253. 1. — Generalities; solubility-relations. — Of the vast 
number of salts producible by the direct action of caustic 
alkalies on properly so-called acids^ the great majority are 
readily soluble in water, and none are quite insoluble ; in 
fact there is no such salt known, which was * insoluble ' in 
water even to the extent, say, of sulphate of strontia. All 
alkaline salts not derived from coloured acids are colour- 
less. From their solutions they can generally be obtained 
in crystals^ which in many cases contain crystal-water. 
Speaking in reference to a considerable number of acids, 
we may say that, in general, potassium, rubidium, and 
caesium salts are less prone to take up crystal-water, and 
are less soluble in water than the corresponding sodium 
compounds ; and that, if an acid forms a less soluble salt 
with potassium than with sodium, the rubidium and caesium 
salts are at least as little soluble as, and often less soluble 
than, the potassium compound. Of normal alkaline 

salts, those derived from strong mono- or di-basic adds (such 
as HCl, HBr, HI, HNO, ; H2SO4, H2C2O4, etc.) are neutral 
to litmus and turmeric paper; the normal arseniates and 
phosphates (PorAs)04.R3, are strongly alkaline; the nor- 
mal salts of €u:etic and higher fatty acids, like those of all 
other weak acids, colour red litmus blue. The cyanides 
RNC and carbonates R2CO3 are almost as strongly alkaline 
to litmus and turmeric as the hydrates. 

2. Behaviour to heat. An alkaline salt, when kept at a 
dull red heat in a close crucible, may get decomposed, but is 
sure not to lose any alkali-metal. (Compare chapter on am- 
monium salts.) Of those which, under these circumstances, 
suffer no chemical change, 
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The cMorideSy bromides^ iodides^ cyanides, melt at an in- 
cipient red heat into colourless fluids, which at higher 
temperatures are more or less slowly volatilized ; 
The carbonates RaCOs require a full red heat for being fused, 
when they, generally, suffer a slight loss of carbonic 
acid. At very high temperatures they are volatilized ; 
The sulphates R2SO4 behave, substantially, like the carbo- 
nates, with this difference, however, that they lose no 
acid; 
Ihit phosphates P,06.2R20, borates and silicates are more 

stable and less volatile than even the sulphates. 
Of salts decomposibie at a dull red heat, the following may 
be named : — 

The nitrates. These are decomposed, with formation of, 
first, nitrite, and then, especially on the application of a 
stronger heat, of oxide or peroxide. 

The cuid carbonates RH.COs when heated are readily 
reduced to normal carbonates. 

The cumI sulphates RH.SO4, at a bright red heat, are re- 
duced to normal sulphates R2SO4. 

Salts of organic adds (except the cyanides RNC and car- 
bonates R2CO8) when exposed, for a sufficient time, to a 
red heat are decomposed so that the alkali ultimately re- 
mains as carbonate, mixed, in general, with more or less of 
carbon, and not unfrequently containing, in this case, an 
admixture of cyanide. 

Almost all alkaline salts when directly exposed in small 
quantities to the flame of a Bunsen*s lamp, or to a mouth- 
blowpipe flame, undergo partial dissociation, with formation 
of vapour of metal. The phosphates P2O6 (1R2O or 2R2O), 
the more acid silicates and the borates, under these circum- 
stances, exhibit an exceptionally high degree of stability. 
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254. Table* showing the solubilities of some Potassium Salts 
as compared with the corresponding Sodium compounds. 



Denomination. 


Potassium Salt 


Sodium Salt. 


Chloride. 


KCl, soluble at i5°*6 in 2*85 
100* in x*77 
parts of water. 

Far less soluble in strong hydro- 
chloric acid. 


NaCl, soluble at 14° in 2*79 
xoo" in 2*73 
parts of water. 

Far less soluble in strong hydro- 
chloric acid. 


Nitrate. 


KNO,. soluble at i8° in 3*45 
97° in 0*43 

parts of water. 
Far less soluble in strong nitric 

add. 


NaNO,, soluble at x8'*5 in 114 
xx9° in 0*46 
parts of water. 
Less soluble in nitric acid (?) 


Sulphate 
(acid). 


KHSOx 
Easily soluble. 


NaHS04(-|-xH,0) 
Easily soluble. 


Sulphate 

(normal). 

See note (x). 


KjSO* 

zoo parts of water dissolve at t". 

(8-36 + 0-X74X t.) parts. 


NajSO*. xoH^O 
xoo parts of water dissolve^ 
at 15°— 34 ) parts of taryst, 
at ^e"- 412 ) salt (loHjO). 
On boilina; at xo3% 42*6 parts 
ofNajSO*. 


Carbonate 
(acid). 


KHCO, 
X part of salt dissolves— 
at ao° — 70* 
in 3*72— 2*21 parts of water. 


NaHCO, 
X part of salt dissoWes — 
at 20°— 70* 
in 8 '97— 5-98 parts of water. 


Carbonate 

(normal). 

See note (2). 


K.CO,f+2H,0} 

I part of KjCOg dissolves— 
at X2°— 70° 
in o'9 — o'49 parts of water. 


NajCO, -1- loHjO 

X part of salt dissolves — 
at X4° — 36° — 104° (boiling), 
in i'66— o'x2— o'22 pts. of water. 


* Alum.' 
See note (3). 


AUOasSOg. K,OSOs + 24H,0 
X part of salt dissolves 
at lo* — xoo* 
in xo*5— 0*28 parts of water. 


A1.0,3S03.Na,OSO,-|-24H,0 
soluble in about its own weight 
of cold water. 


Perchlorate. 
See note (4). 


KCIO4 
X part of salt dissolves — 

at xs°— xoo' 

in 65 — much less of water. 
Insoluble in abs. alcohol. 


NaClO* 
deliquescent, verv easily soluble 
in water ; soluSle in alcohol. 



* The formulae refer to the salts as they are when crystallized from water under 
ordinary drcumstances. 
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Denominatioii. 


Potassium Salt. 


Sodium Salt. 


Oxalate 
(normal). 


K,C,04H,0 
soluble in 3 parts of cold water 


Na,C,0^ 
z part of salt dissolves — 
at 15' — boiling temp, 
iii 31 — x6 parts of water. 


Tartrate 
(normal). 


K,C4H40« 
z part of sadt dissolves— 
at i4'-64° 
in 0*66—0*47 parts of water. 


Na,C4H40« + 2H3O 
z part of salt dissolves— 
m 5 parts of cold and in 
much less of hot water. 


Tartrate 

(acid). 
See note (5) 


X part of salt (fissolves — 
at 15° — 100° 
in 322 — 14*5 parts of water. 


NaH.C4H.O. + H,0 
X part of s^t dissolves— 
in the cold — on boiling 

in 9 — I'Spts. of water. 


Snicofluoride. 
See note (6) 


KjSiFe 
I part of salt dissolves — 
at 17° '5— boiling temp. 
833 — X05 parts of water. 


Na.SiF- 
X part of salt dissolves — 
at i7°*5— xox° (boiline temp.) 
in 153 — 40*7 parts of water. 


Chloroplatinate. 
See note (7) 


K,Pta« 
z part of salt requires— 

at 15"*— loo* 

xoo — X9.3 parts of water. 
Of alcohol (ord. temp.) 

of 07— 76— 55 per cent. 

X2080— 3775 — 1053 parts. 


Na,PtCl,+6H20 
easily soluble m water and 
alcohol. 



NOTEwS. 

1 . 100 parts of water at 70° dissolve 42 '4 parts of sulphate of rubidium, 

2. Carbonate ofcasium dissolves in almost any proportion of water. 
100 parts of absolute alcohol of 19'' dissolve 1 1 parts of the salt. The 
potassium and sodiumi salts are practically insoluble in absolute alcohol. 

3. 100 parts of water of 17** dissolve, of 

Potassium- Rubidium- Cdesium-Alum. 

13*5 2*27 0*62 prts. 

4. One part oi perchlorate of rubidium dissolves in 92 parts of water 
of2i**-3. 

5. One part oibilartraie ofruHdium dissolves in 84*5 parts, one part 
of the casium salt in 10*3 parts of water of 25°. 

6. All alkaline silicofluorides are insoluble in alcohol. The rubidium 
salt dissolves in 614 parts of water at 20° ; the casium salt in 166 parts 
of water of 17°. 
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7. 100 parts of water of t* dissolve, of 



t 


K,PtCl. 


Rb.PtCl. 


CsjPtCl, 


10 


0-9 


015 


0*05 


50^ 


2*2 


0*20 


018 


100° 


5*2 


063 


0-38 parts. 



Behaviour of moderately concentrated aaueons solutions 

of alkaline salts to Reagents. 

255. Hydrofluosilicic acid produces a precipitate of 
fluosilicate SiF6R2, which, however, being semi-transparent, 
is distinctly visible only after settling, when it appears as a 
bulky, apparently amorphous, deposit, although in reality it 
consists of microscopic crystals. If, besides an excess of 
reagent, a sufficiency of alcohol be added, and the mixture 
allowed to stand for some hours, the precipitation, especially 
in case of potassium [and rubidium] is almost complete. 
Hence the reagent, when used in conjunction with alcohol, 
may serve to separate the whole group of metals we have 
here to deal with, not only from the acid radicles they may 
be combined with, but also from magnesium, strontium, cal- 
cium, and other metals ioxming fluosiltcates soluble in alcohol 

256. A solution, saturated in the cold, oi bitarfraie of soda^ 
of course, does not precipitate soda salts, but when added to 
a solution oi potash [or rubidia] salt, produces a crystalline 
precipitate of bitartrate, which, however, in dilute solutions, 
if at all, appears only after some time. Its formation is 
promoted by stirring. In the case of hydrates, carbonates, 
or cyanides, (an excess of) tartaric acid must be substituted 
for the soda salt. The acid, in fact, might be used in all 
cases, but the bitartrates being far more soluble in even 
dilute acids than in neutral salt solutions, the soda salt is 
preferable as a general reagent. 

257. A concentrated solution oi chloride of platinum when 
•added to one of chloride of potassium \rubidium or c(Bsiufn\ 
produces a yellow crystalline precipitate of chloroplatinate, 
in which, by and by, the bulk of the metal accumulates. In 
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the case of other salts than the chloride, hydrochloric ctcid 
must be added in conjunction with the reagent in order to 
virtually convert the alkali metal into chloride; but the 
reaction then, on account of the presence of free acid, is 
less sensitive. In all cases the precipitation is more com- 
plete on addition of alcohol. Sodium salts, under all 
these circumstances, are not precipitated by the reagent. 
It is, however, to be remarked that sulphate of sodium, 
when its aqueous solution is mixed with alcohol, is pre- 
cipitated as such, even in presence of excess of chloride of 
platinum. 

A glance at the table in g 254 will show what degree of sensibility 
these precipitating tests can be expected to possess. 

SSa KAta-aatlmoiilate of potaaiilTim, K,OSb,Os.7H20, has been 
rec<Hnmended as a specific precipitant for sodium. The precipitate is 
at first flocculent but becomes crystalline on standing. In dilute solu- 
tions the precipitate takes more or less time in forming ; one part of 
sodium salt in 1000 parts of water becomes visible after twelve hours. 
The solution must be neutral, or slightly alkalinCf and not contain any 
foreign metals except potassium. To prepare the reagent, mix equal 
parts ^tartar emetic and nitre, and project the mixture, small quantities 
at a time, into a red-hot hessian crucible. After complete deflagration, 
maintain a dull red heat for about a quarter of an hour, then allow to 
cool, and treat the mass with warm water. Wash the granular pre- 
cipitate formed and dry it on bibulous paper. The solution for testing 
should be made ex tempore, by shaking a few granules of the salt with 
cdd water. 

269. A hydrochloric solution of tercJUoride of antimony, when added 
to hydrochloric solutions of ccesium salts, produces a crystalline precipi- 
tate SbCljCsCl, which is decomposed by water, but can be washed 
without decomposition with concentrated hydrochloric acid. The 
chlorides of the other three alkali metals and chloride of ammonium are 
Hoi precipitated. * 

Flame lists, 

260. Almost all alkaline salts when exposed, in small 
quantities, to the direct action of a Bunsen's flame, undergo 
dissociation, with formation of vapour of metal, which, in 

* R. Gcdefroy^ Ber. d. Deutschen Chem. Gesellscbaft for 1874, page 375. 

K 
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each case, emits a particular kind of light characteristic of 
the metal; and, on the flames being viewed through the 
spectroscope, each of the metals is found to yield a peculiar 
spectrum. The potassium^ rubidium^ and ccesium flames are 
violet, and can scarcely be distinguished by the eye, but their 
spectra differ : the potassium spectrum consists mainly of 
two lines, a comparatively strong line in the red, and a faint 
line in the blue. The spectra of rubidium and ccesium are 
far more complex, consisting each of a large number of 
lines, of which, in the case of rubidium, a red line, and a 
double violetXvcit, more refi*angible than the G line of the solar 
spectrum, and in the case of ccesium two blue lines, lying 
between the solar lines F and G, are most characteristic. 
The sodium flame is intensely yellow ; its spectrum con- 
sists of a double line coinciding exactly with the D line of 
the solar spectrum. The tests founded upon these 

facts are extremely delicate, which must be borne in mind 
in their application. This holds more especially with 
sodium, of which as little as y oooooo^ ^ ^^ ^ milligramme is 
sufficient to colour a gas flame distinctly yellow, while far 
less suffices to produce a visible spectrum. A mixture 

of sodium and potassium [Ru,Cs] salt, unless the potassium 
predominates very largely, produces a yellow flame, which 
by the eye cannot be distinguished from a pure sodium 
flame ; but the spectroscope, if the sodium does not pre- 
dominate too much, will always enable one to see at least the 
red potassium line distinctly. Of alkaline salts, not 

dissociable in a Bunsen's flame, the more acid borates, 
silicates, and phosphates, and a large class of native alkali- 
ferous silicates, are the most important. Such substances 
must, previous to the application of the flame test, be 
moistened with hydrochloric acid, or if not affected by this 
agent, be mixed with excess of pure sulphate of lime. By 
the action of this reagent a part at least of the alkali metal 
is (as a rule) converted into sulphate which gives a decided 
flame colour and spectrum. 
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Appendix on Ammonium. 

261. ' Ammoniom ' is the name given to the residue 
NH4, which, in * ammonium ' salts, plays the same part as 
* K ' in potassium, and * Na ' in sodium salts. The radicle 
has never been isolated. 

262. Ammonia NH3 is a colourless gas of the spec. grav. 
0.597 (Air=i), condensible into a liquid which, under 
ordinary pressure, boils at —40° C. The gas possesses a 
very strong characteristic odour. It is very largely soluble 
in water, the more so the lower the temperature. One 
gramme of water, at 16° C, and under a partial pressure of 
760 mm., absorbs o's82 grms. of the gas. The aqueous 
solution is lighter than water. When boiled, it readily 
gives off its dissolved gas ; when exposed to the air it 
gradually loses its ammonia by absorptiometric exchange 
for air ; hence even very dilute solutions smell strongly of 
the gas. 

263. Ammonia, even if anhydrous, colours red litmus 
blue, and yellow turmeric brown. It unites directly 
with all properly so-called acids forming ammonium salts. 
Ex. : SO4H2 + NH3 = NH4.H.SO4.— NH4HSO4 + NH3= 
(NH4)2S04. The same reactions go on in aqueous solu- 
tions ; in fact a solution of ammonia in water behaves to 
acids exactly like one of caustic soda or potash ; it may 
therefore be looked upon as one of an unstable hydrate 
NH4.HO, analogous to KHO. 

264. Ammonium salts, generally, are similar in their 
properties to the corresponding salts oi potassium; not so 
much to those of sodium. Most of them are easily soluble 
in water ; the * alum,' bitartrate and chloroplatinate, how- 
ever, are (li^e the corresponding potassium salts) difficultly 
soluble, while the perchlorate (unlike KCIO4) is easily soluble 
in (s parts of) water. To what has already been said, it is 
scarcely necessary to add, that the behaviour of solutions of 
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ammonium salts to tartaric acid and to chloride oi platinum is 
the same as that of potassium salts : it is however to be 
observed that while tartaric acid is not by any means so 
sensitive a precipitant for ammonium as for potassium, the 
two chloroplatinates [PtCl«K, and PtCl«(NH4)2] are almost 
identical in appearance and solubility relations. Ammonium 
salts are easily distinguished from the salts of the alkali 
metals, 

265. I. By their comportment on exposure to a dull red 
heat. At this temperature all those ammonia salts which 
are derived from volatile acids are completely volatilized ; 
[the cyanide NC.NH4 without decomposition ; the haloids 
(NH4CI, NH^Br, NH4I) with formation of dissociated 
vapours ; the sulphates with formation of a mixed vapour of 
nitrogen, water, ammonia, and sulphurous acid ; the nitrate 
with formation of water and nitrous oxide], while those 
derived from non-volatile acids ultimately leave residua of 
acid (ex. : the phosphates), or acid anhydride (ex. : molyb- 
date, tungstate*), or of some reduction product of the acid 
anhydride (ex. : the chromates, which leave Cr20s ; the 
chloroplatinate, which leaves metallic platinum), 

2. By their giving off ammonia when heated with solution 
of caustic soda or milk of lime. The liberated ammonia, 
even if largely diluted with air, can be recognised (i) by its 
pungent smell ; (2) by its action on red litmus or turmeric ; 
(3) l>y its forming dense clouds (of solid NH4CI) when 
brought in contact with a glass rod moistened with dUute 
hydrochloric acid ; (4) by its actions on mercurous nitrate 
or manganous sulphate (which result in the fbrmatioil of 
a black amido-compound and oi. brown sesquihydrate of 
manganese, respectively) ; and, if all these tests fail, (5) by 
means of 

266. 'Nesfller^B reagent' (/>. a solution of mercuric 
iodide in a mixed solution of iodide of potassium and 

* In these cases some metallic nitride is found in the residuum. 
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caustic potash or soda). * If an excess of this reagent is added 
to an aqueous solution of ammonia or of an ammonia salt, a 
brown precipitate is formed consisting of iodide of mercur- 
ammonium. [4(Hgl2.2KI) + 6KHO + 2NHs = 14KI 
+ 4HsO + NjHg4l22H20.] The precipitate is soluble in 
ammonia salts; by the action of caustic soda and sulphide 
of sodium in the heat it is decomposed, with elimination 
of the whole of the nitrogen as ammonia. In very dilute 
solutions the reagent produces only a brown colouration, 
which, however, is so intense, that ^J^^^ P^^ ^^ ^ milli- 
gramme of ammonia in 100 c.c. of water is clearly indicated. 
— ( Wanklyn and Chapman.) 

268. To test a solution of salts for combined ammonia, 
mix it in a beaker with excess of caustic soda (or milk of 
lime), and heat gently. If no ammonia can be detected 
with certainty by the smell, or by means of a glass rod 
moistened with dilute hydrochloric acid, cover the beaker 
with a glass plate to which a bit of filter-paper moistened 
with one of the ammonia indicators, mentioned (under 
2, 4, or 5 in § 265), has been previously attached, and keep 
the whole for a time at a gentle heat. The ammonia, if 
present, will gradually accumulate in the reagent, and at last 
produce a visible effect A more refined method is to dis- 
til the mixture out of a retort connected with a Liebi^s 
condenser, and next to search for ammonia in a few drops 
of the distillate with Nesslet^s reagent In case of a positive 
result, the rest may be used for confirmatory tests with less 
sensitive reagents, to enable one to form at least an idea of 
the quantity of ammonia present 



* 867. To prepare this reagent : Dissolve one part of iodide of potassium in one 
part of water, and add to the solution, with continuous agitation, of a solution, saturated 
m the cold, of mercuric chloride^ until the locally formed precipitate of Hgis no 
longer disappears on agitation. Filter, add a concentrated solution of four parts of 
casutic potash, and dilute to the volume of 20 parts of water {e.g. to x liter if 50 
grammes of iodide of potassium were used). At last add -hs vol. of a saturated 
lohitioa of mercuric chloride, allow the mixture to settle in a stoppered bottle, and 
decant, or fUsaix.—^Wanklyn and Chapman.) 
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269. In the analysis of a solution which has not been 
proved to be free from nitrates and nitrites^ the examination 
for ammonia must take place previous to the application of 
sulphuretted hydrogen even, because, at least, traces of NH3 
may be formed by the action of this reagent on acid solu- 
tions of the two classes of salts named.* 

270. Methylamine, NH,.CH„ Dimethylamine, NH(CH,)„ Ethyla- 
minet NH,.CjH^, and some other organic monamims, closely resemble 
ammonia in their reactions, and are consequently liable to be mistaken 
for it. They can be distinguished from ammonia 

(i.) By their containing carbon, and consequently, on combustion 
with oxide of copper ^ )delding carbonic acid; (2.) By the greater 
solubility of their hydrochlorates in strong alcohol^ ordinary sal- 
ammoniac being almost insoluble in this menstruum ; (3.) By the 
greater solubility in water of, and the kwer percentage of platinum in, 
their chloroplatinates. 

Examination of a solution of salts for the metals of the 
potassium group {and for lithium), 

271. Given a solution of metallic salts, which, for the 
sake of greater generality we will assume to contain metals 
of the copper, arsenic, iron, and barium groups, but which, 
for the sake of simplicity, t we will suppose to be free from 
non-volatile non-metallic acids, except perhaps phosphoric, 

and the first step towards the solution of the problem 

formulated in the heading is, by the successive application of 
sulphuretted hydrogen, sulphide of ammonium, and car- 
bonate of ammonia ; or, if we prefer it, of sulphuretted 
hydrogen, sulphuric acid and alcohol, and sulphide of 
ammonium, to eliminate all that can be precipitated by 
these reagents, so that, ultimately, we obtain a filtrate which 
can contain no other metals than Magnesium^ potassium 
[rudidium, casium, lithium], and sodium. We next test a 
portion of the filtrate for magnesium (according to § 238), 
by means of alkaline phosphate. 

* Private communication from Mr. J. V. Buchanan. 

t As well as not to anticipate what properly belongs to Division III. 
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272. If magnesium is proved to be absefit, then phosphoric 
acid may be present, and if so, it had better be removed by 
some method or other which does not re-introduce any 
metals proper {Le, anything except ammonia salts of 
volatile acids). Supposing this to have been accomplished, 
we need only evaporate the liquid to dryness, and, 
after having transferred the dry residue to a platinum 
crucible, ignite as long as any ammonia-salt vapours go off, 
to obtain a residue which must contain all that was 
present in the solution of alkali metals [and of lithium]. 
But it does not follow that the residue necessarily consists 
altogether of salts of the metals named, because, evidently, 
any trace of alumina, lime, or other constituent of the solu- 
tion which, in the methods of separation previously employed, 
escaped precipitation, will necessarily find its way into the 
* alkaline salts.' Hence the residue must not be accepted 
as being what, by theory, it ought to be, unless it (i.) is 
perfectly white^ and (2.) is completely soluble in a small 
quantity of water, yielding a solution which, on addition of 
a drop of sulphide of ammonium and a drop of carbonate of 
ammonium, remains clear. If, on the application of these 
tests, insoluble matter is left or separates out, the mixture 
must be filtered, the filtrate evaporated, and the residue 
ignited, when a product will be obtained which, in general, 
may be looked upon as really consisting (potentially) of salt 
of potassium [rubidium, caesium, lithium], sodium, and 
nothing else. The least quantity of such residue will suffice 
for a complete (virtual) analysis by means of the spectrum- 
apparatus, but unfortunately spectrum tests, just on account 
of their wonderful sensibility, are liable to tell more than 
the truth : which in this case means more than the practical 
analyst cares to know. It is to be observed, also, that the 
traces of alkali which, in the course of the previous separa- 
tion, were extracted from the glass vessels used, or ii\tro- 
duced as impurities in the reagents, will necessarily get 
mixed up with the alkaline salts from out of the substance 
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under examination. Hence, even in qualitative analyses, a 
rough guess, at least, must be made of the quantities of 
potassium or sodium, etc., found, or the results are of no 
practical value. Methods for this purpose will be readily 
deduced from what now follows. 

Separation of Potassiiim from Sodiam. 

273. (d) The metals are given as chlorides. 
This is the easiest case. We need only dissolve the 
chlorides in water, add excess of chloride of plcttinum, i,e, 
enough to convert doth metals into chloroplatinates, eva- 
porate to a very small bulk, so that the residue, after cooling, 
forms a paste, and then add a quantity of 807© alcohol^ in 
order to obtain the potassium for itself, in the form of a 
precipitate of chloroplatinate (which must be washed with 
alcohol until the liquid runs through colourless). The 
sodium passes into the filtrate as chloride, which, after 
removal of the alcohol by evaporation, and precipitation of 
the platinum by hydrogen (see § 106), can be obtained by 
evaporation to dryness. 

274. {p) The metals are given as neutral sulphates. 
In this case one method is, to repeatedly ignite the 
sulphates with much sal-anunoniac, and thus to convert them 
into chlorides, which may then be separated as shown under 
{a) ; but far better results are obtained by appl)ang 
Finkener^s method, which is as follows : — Dissolve the 
sulphates in the least quantity of water, and add in the cold 
enough of a concentrated solution of chloride of platinum 
to convert ^^ potassium into chloroplatinate, i.e. so much 
of the reagent that the liquid, after the precipitate has 
settled, appears yellow ; next evaporate on a water bath 
until the residue, after cooling, forms a paste ; mix this paste, 
gradually, with 15-20 volumes of a mixture of two volumes 
of absolute alcohol and one volume of ether; allow to settle, 
and wash the precipitate with the same liquid until the last 
drops run off colourless. The precipitate contains cUl the 
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potassium, as KsPtCle and the bulk of the sodium as Na2S04, 
which latter salt can be extracted by treatment with a cold 
concentrated solution of sal-ammoniac. 

275. {c) The metals are given, partly at least, as phosphates, 
borates, or salts of other acids not sulphuric or hydrochloric. 

In this case a perfectly exact separation is difficult, but 
an approximately complete precipitation of the potassium 
at least can be effected by dissolving the mixture in a small 
quantity of dilute hydrochloric acid, adding excess of con- 
centrated chloride of platinum, and lastly a large quantity 
of ether-alcohol (vide supra). The potassium is precipitated 
as chloroplatinate, which, after having been washed, first 
with ether-alcohol acidulated with hydrochloric acid and 
then with pure ether-alcohol, is practically pure. 

S76. If any of these three methods is applied to. a substance contain- 
ing liihium, rubidium^ or casium, then the lithium passes into the 
filtrate along with the sodium (or, in the case of {b), part of the sodium) 
from which — after removal of the alcohol by evaporation, and of the 
platinum by means of hydrogen — it can be separated out either by pre- 
cipitation in the form of phosphate (§ 245), or — after conversion of the 
two metals into dry chlorides — by means of ether-alcohol (§ 243). The 
rubidium and casium pass into the potassium precipitate, in which, if 
they form a considerable fraction of the whole, they may be detected 
by means of the spectroscope. Straightforward methods for the separa- 
tion of the three metals from one another have not yet been discovered, 
but if a sufficient quantity of the mixed chloroplatinates can be procured, 
a portion of the two rare metals can be eliminated by boiling the 
precipitate repeatedly with small quantities of water, until the potas- 
sium salt is extracted, i,e, until the residuum no longer 3aelds a 
potassium spectrum, and consequently consists of the chloroplatinates of 
rubidium and caesium only. (Comp. J 254.) In these operations 
a laxge portion of these two metals, of course, passes into the filtrates, 
fix>m which they can be precipitated by means of alcohol as parts of a 
mixed chloroplatinate, from which, by a repetition of the process of 
fractional solution, an additional quantity of rubidium and caesium salt 
can be obtained, etc etc. To obtain the alkali metals in a soluble 
form, and to recover the platinum, the chloroplatinates are reduced 
by means of hydrogen at a temperature just below the ftising point of 
the mixed chloride, which subsequently is extracted and separated 
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from the metallic platinum, by means of water. From a concentrated 
hydrochloric solution of a mixture of the chlorides of rubidium and 
caesium, the latter metal can probably be precipitated, free from the 
other, by means of terchloride of antimony. (See § 259.) 

If magnesium is present 

277. (in the filtrate referred to in § 271), then this metal 
must first be eliminated before a satisfactory separation of 
the alkali metals can be effected. For this purpose a great 
many methods have been proposed, of which the following 
are perhaps the best that can be adopted for qualitative 
purposes : — 

{a) 77u phosphate method. 

278. (After due concentration of the liquid) add a large 
excess of concentrated ammonia, Le. so much that the mix- 
ture ultimately contains about 57© of f^^ NHj, then 
add enough of pure phosphate of ammonia to convert the 
magnesium into PO^MgNH^, allow to stand for some hours, 
filter and wash the precipitate with dilute ammonia. From 
the filtrate next boil off the excess of ammonia, dilute with 
water, add excess oi ferric chloride (j\e, considerably more 
than * Fe203* for every * PsOg')? then again a slight excess 
of ammonia, and at last boil off that excess and filter. The 
precipitate contains all the iron and all the phosphoric acid ; 
the filtrate contains the alkali metals and ammonia salts, and 
after expulsion of the latter by evaporation and ignition, may 
be analysed as shown in § 272 et seq. 

(J?) The baryta or lime method.* 

279. Evaporate to dryness, bum off the ammonia salts, 
and if the metals are present as sulphates, convert these, at 
least partially, into chlorides by repeated ignition with sal- 
ammoniac. Now treat with water, and, without removing 
the oxychloride of magnesium that may separate out, boil 

* This method is applicable also in presence of iron, alumina, and manganese ; 
part of the alumina, if baryta be used, passes into the filtrate but is subsequently 
eliminated by the carbonate of ammonia. 
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with txct^s oi baryta-water or milk of lime, and filter. The 
precipitate contains the magnesium as oxide; the filtrate 
contains the lithium and alkali-metals beside barium or 
calcium, of which two metals either can easily be removed 
by precipitation with carbonate of ammonia in the heat, 
so that at last a filtrate is obtained which can be analysed 
according to § 272 et seg, 

{c) The carbonate of ammonia method, 

280. (After complete elimination of the anmionia salts) 
dissolve in the least quantity of water ^ add a large excess of 
a concentrated solution of neutral carbonate of ammonia 
(NH4)2C03 (comp. § 237), and allow to stand for twelve 
hours. The precipitate contains, practically, the whole of 
the magnesium as Mg(NH4)2C206.4H20, which must be 
washed with the reagent. The filtrate — ^apart fi-om a trace 
of magnesium — contains no metals but K, Na [Li, Rb, Cs] 
and (NH4). This method, in qualitative analyses, would 
deserve the preference before any other, if it was not the 
case that part at least of the potassium is always precipitated 
along with the magnesium, from which, however, it may be 
separated by igniting the precipitate, and from the residue 
(MgO+xK2C03) extracting the potash salt with hot water. 

Note, — If methods (a) and {c) are applied in presence of lithium^ a 
part of this metal may pass into the magnesium precipitate. 

281. General scheme for the exhaustive analysis of a complex of 
metals y given in the form of an aqueous solution of scUts, 

Under this heading we propose to supply to the student 
an index to the several methods given in previous chapters, 
for the examination of salt-solutions for certain groups of 
metals, and shortly to sum these up into a general scheme 
of analysis. But none of these methods being free from 
assumptions regarding the nature of the salts present, the 
general scheme to be deduced from them must a fortiori ht 
of limited applicabilit}' ; we shall therefore begin by giving a 
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282. List of the classes of salts which in the instruction to 
be given (in §§ 283-292) are^ in general^ assumed to 
be absent.* 

(i.) Thiosalts, e,g, thiarseniates, thiantimoniates, etc. 

(Ex. : AS2S53K2S). 
(2.) Thiosulphates, polythionates. • 
(3.) Complex cyanides generally, and more especially 

* metallocyanides/ such as ferrocyanides, cobalti- 

cyanides, etc. 
(4.) Pyrophosphates, metaphosphates. 
(5.) Salts of organic acids, except carbonic, oxalic, 

succinic, and some others. 
(6.) Silicates [tungstates, molybdates, vanadates]. 
(7.) Fluorides. 

Supposing then, in the course of the examination of a 
substance, we had obtained an aqueous solution, which, 
from what we knew of the general nature of that substance, 
and from the way in which we had disintegrated it, could 
contain nothing but (say) metallic or hydrogen salts of nitric, 
hydrochloric, hydrobromic, hydriodic, phosphoric acid, or 
of oxygen acids of the halogens, or of sulphuric, sulphurous, 
or dithionic acid, or of any metallic acid not included tin 
(6). Then the following scheme may be laid down for 
the exhaustive examination of the solution for metals : — 

283. We first observe, and draw what conclusions we can 
from, the smell and colour of the solution and its action on 
test-papers ; and next proceed to a cursory application, to 
separate small portions of the liquid, of a proper selection 
of metal-precipitants, e^, hydrochloric acid, sulphuric acid, 
sulphuretted hydrogen, sulphide of ammonium, ^tc. At 
this stage of the investigation it is chiefly the negative results 
which are worth noting down and interpreting. A solution, 

* Although in many cases a slight modification of the method in this part or that 
mij^ht bring them within its range of applicability. 
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for instance, which gives no precipitate on addition of 
hydrochlork acid need not be examined for silver and 
mercurosum, and cannot contain much lead ; a solution which 
remains clear when heated with excess of dilute sulphuric 
acidy is free from barium, strontium, and lead, and can con- 
tain only traces of mercurosum. A colourless solution is by 
this property almost proved to be free from permanganates, 
manganates, chromates, chromic salts, and is not likely 
to contain large quantities of cobalt, nickel, copper, gold, 
platinum, and other coloured salts. In the interpretation 
of colours, however, we cannot be too cautious, because there 
is no sa)dng what may not be the result from the simultane- 
ous presence of a number of coloured constituents. Two 
solutions possessing complementary colours, as cobalt and 
nickel solutions, will, when mixed together in the right pro- 
portion, give a colourless fluid. If none of these tests and 
observations give positive indications, we evaporate some of 
the solution to dryness at a gentle heat to see if it contains 
any solids, and, if there is a residue, we see whether or not it 
volatilizes (xi exposure to a dull red heat. If it does so 
completely, the solution is not likely to contain any metals 
others than ammonium, mercury, arsenic, or perhaps anti- 
mony, tin, bismuth (these latter forming volatile chlorides). 
Let us now suppose, for the sake of greater generality, that 
these preliminary tests had not given du-ect evidence of the 
absence of any class of salts, and show how the complex of 
metals potentially present can be split up into groups. 

284. If the liquid under examination is neutral or alkaline, 
we begin by acidifying it by gradual addition of hydrochloric 
add. If the acid at first produces a precipitate which dis- 
solves in additional reagent, this points to the presence 
of some insoluble metallic acid, such as Al^Os, ZnO, 
CriOj, SnOj, SbsOj* A permanent precipitate can contain 
nothing but sUver, mercurosum^ lead [and thallium] — as 

* MoOt and VsO« we shoald have to add, if we had not supposed these to be 
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chlorides.* (Comp. note i.) Regarding thalliuni, see 
§176^ seq. ; if it is absent, the other three can be separ- 
ated from one another, as shown in § 33. The filtrate, 
if a sufficiency of hydrochloric acid was added, but an im- 
moderate excess avoided, will be free fi-om silver and mer- 
curosum, but it may contain mercuricum and any of the 
rest of the metals. All this holds for a liquid which, from 
the first, possessed an acid reaction. 

285. The filtrate now (assuming it to contain nitric, chloric, 
or other non-metallic oxidizing acids) needs only be freed 
firom these by evaporation with excess of hydrochloric acid 
to a small bulk (see note 2), and the residue be diluted with 
water to be ready for the precipitation of the arsenic and 
copper groups by means of sulphuretted hydrogen (§§ 36, 39). 
If, however, there is any reason to suspect the presence of 
gold or platinum^ it is as well to test small portions of the 
liquid for these two metals (§§ 73, 77, 106), and, in the 
remainder (if necessary), after removal of the free acid, 
to precipitate the two noble metals by means of hydrogen\ 
(§ 106), and remove them by filtration. From the filtrate, 
after addition of the requisite quantity of hydrochloric acid 
and water, the copper and arsenic group metals are easily 
eliminated, by saturating the liquid with sulphuretted hydro- 
gen, first at about 60-70° C. (to make sure of the arsenic 
acid), and then in the cold (to eliminate the last remnants of 
cadmium,} lead, bismuth, antimony,} and tin. The precipi- 
tate^ after having been washed, first, in the cold with water 
containing some H2S (in order to keep the sulphides CuS 
[SnS, SnS2'^] from getting oxidized by the action of the 

* WoOs would have to be named here, if it was not supposed to be absent. 

t If platinum was fotmd absent, some of this metal must be added (in the form of 
PtCli) to cause the gold to be precipitated ; or else formic acid be used as a reducing 
agent. 

X These two metals are particularly liable to escape precipitation in the presence of 
an excessive quantity of free mineral acid. On the other hand, sine, and, next after 
it, nickel, cobalt [and thallium] may be named as being those metals of the iron 
group which require comparatively large quantities of rec mineral acid to Vitep them 
out of the sulphuretted hydrogen precipitate. 
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atmosphere), and then, after removal of the bulk of the free 
acid, with hot water, is treated repeatedly, at a gentle heat, 
'mihyellowsiiiphide of ammonium, when arsenic, antimony, and 
tin pass into the filtrate (from which they are re-precipitated 
by acidification with hydrochloric acid) while the copper-group 
sulphides remain undissolved. The arsenic group precipitate 
can be examined according to §§ 104 et seq,; regarding the 
copper group see §§ 36, 39. (Comp. note 3.) 

286. Hh^ filtrate from the sulphuretted hydrogen precipi- 
tate may contain any metals of the iron, magnesium, barium, 
and potcusium groups. Before attempting an analysis of 
this possibly very numerous complex of metals, it is advis- 
able first, by a series of preliminary tests, to try and form 
an idea of its composition. We consequently, first of all, 
observe the colour of the filtrate F, and compare it with 
that of the original liquid L. 

287. If 



L was 



Yellow or brown, 
Yellow or garnet-red, 
[Yellow, . 
Dark green, f . 
Purple, . 



Pink, 
Green, 



and F is 



Colourless, 
Green or violet, 
Green, 
Colourless, 
Colourless, 

Pink, 
Green, 



This indicates* 

the presence in L 

and F of salts of 



L 
FeO, 
CrO, 

uo; 

MnOa 
Mn^O, or 
Mn,0, 
CoO 

NiO,Cr-0, 
or CuO 



F 
FeO 
Cr.O, 

ud] 

MnO 

JMnO 

CoO 

NiO.Cr.Oa 
or CuO 



(Let us take this opportunity for stating that :) 



Colourless, 



Blue or green, 



W0O3 or 
MoO, 



Lower ox- 
ides of Wo 
or Mo. 



288. Whatever may be the result of these observations, we 
must try, by the examination of separate small portions of the 

* (But docs not prove.) 

t Before acidification ; an acid liquid cannot contain manganates. 
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filtrate (according to § 201), to see which of the available rae- 
thods of group-separation is most likely to work satisfactorily. 
Of these methods the following are the most important. 

289. Method L After neutralization with ammonia and 
addition of sal-ammoniac, precipitate with sulphide of am- 
tnoniuniy and filter. 



The Freeliiitate 

may contain 

Fe, Ni, Co, Mn, Zn [Ur] as sul- 
phides; Al and Cr as oxides or 
phosphates. 

Ba, Sr, Ca, Mg, as phosphates, 
ammonio - phosphates, oxalates ; 
Mg as aluminate. 

Traces of these four metals in 
other forms. 

Of all these compounds, NiS 
and CoS alone do not readily dis- 
solve in cold dilute HCl. 

For further information see sec. 302'9o8. 

290. Method n. After peroxidation of the iron^ add first 
sal-ammoniac^ then, gradually, excess of ammonia, and lastly 
boil off the free ammonia and filter. 

Then (substantially, and generally speaking) 



The Filtrate 

may contain 

Ba, Sr, Ca, Mg, [Li], K, Na 

[Rb, Cs]. 

Add carbonate of ammonia and 
heat, and the Ba, Sr, Ca are pre- 
cipitated as carbonates (§ 231) ; 
while Mg and the rest of the 
metals named remain dissolved. 
(§§ 238 and 272-280). 



The Predpitate 

may contain 

Iron, "J 

Chromium, V as oxides. 

[Uranium], J 

Aluminium, as oxide* or phos- 
phate. 

Barium, 1 

Strontium, 

Calcium, J 

Magnesium, as ammonio-phos- 
phate. 



as phosphates 
or oxalates. 



SS } - '^'^^ 



For further information see sec. 902 et seq. 



The Filtrate 

may contain 

Nil Co, Mn, Zn, Mgf (as ammonia 

double salts) ; 
Ba, Sr, Ca ; and 
K, Na, [Rb, Cs]. 

For further information see sec. 204 and 205. 



* Also the rare earths (§ 127) and titanium (§ xaS et teq.) t Also Beryllium; 
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291. Method IIL Proceed according to § 225, Le. after 
peroxidation of the iron and due concentration, ^rj/ pre- 
cipitate the barium group by means of sulphuric acid and 
alcohol^ and then search for the rest of the metals in the 
filtrate. 

292. After elimination of the copper, arsenic, iron, and 
barium groups, the liquid can contain only magnesium^ 
\lithium\^ and alkali metals^ which may be separated from 
one another by applying the methods given in §§ 271-280. 

Ammonium must be searched for in the original liquid. 
(See §§ 268 and 269.) 

293. NOTES. 

1. From solution of salts not proved to be free from the substances 
enumerated in § 282, excess oi hydrochloric acid^ in its capacity as an acid^ 
may precipitate a great variety of things, besides AgCl, HgCl, PbClj, 
TlCl, e,g,, 

(a) Tungstic and silicic acid, mixed possibly with stannic and 
titanic acids. - 
• {b) Yellow sulphur : from thiosulphates or polythionates. 

[c) White milky sulphur ; sulphides of the arsenic group ; sulphide 
of nickeL The formation of these metallic sulphides would 
generally be accompanied by an evolution of sulphuretted 
hydrogen ; not necessarily though, because alkaline cyanide, 
for instance, might have served as a solvent. 

(</) Insoluble cyanides. In this case, as a rule, hydrocyanic acid 
would be liberated, which could be separated out by distilla- 
tion. 

(f) Iodine : in consequence of the presence of iodides along with 
certain oxidizing, or iodates along with certain reducing, agents, 

(/) from comparatively concentrated solutions : boracic acid ; also 
benzoic and other difficultly soluble organic acids. 
It is hardly necessary to point out that these substances could not pos- 
sibly be all present together in the same precipitate. 

2. This operation ought, by rights, to be carried out in a retort con- 
nected with a receiver, because, as soon as the concentration of the 
residue has gone beyond certain limits, arsenic, antimony, tin, and bis- 
muth are liable to be volatilized as chlorides. (Arsenic, present as 
AsjOg, is sure to remain in the residue.) 

3. If yellow sulphide of ammonium is used, traces of copper and mer- 
cury may pass into solution, and will then get mixed up with the arsenic 

L 
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group precipitate. Hence if, by one way or another, the absence of 
gold, platinum, and stannous sulphide has been demonstrated, the 
colourless reagent is preferable to the yellow one. 

Let us take this opportunity for stating that, in certain cases, it is 
very difficult, if not impossible, to extract, by sulphide of ammonium, 
the last trace of arsenic group metals from a sulphuretted hydrogen 
precipitate. Thus, for instance, arsenic cannot, by means of the general 
reagent, be completely separated from copper. In this special casCf a 
better method is first to dissolve the sulphides in hot sulphuric, with 
addition of nitric acid, and then to precipitate the sulphate of copper 
by addition of alcohol, or what is better, by means of sulphate of 
ammonia and alcohol. A similar method applies to lead and arsenic. 

If a sulphuretted hydrogen precipitate, supposed to be free from, but 
really containing, arsenic group sulphides, were treated with boiling 
hydrochloric acid (in accordance with § 39), then the gold and platinum 
and the bulk of the arsenic would, in general, remain with the CuS and 
HgS, while the tin and antimony (and more or less of the airsenic) 
would go into solution along with the Cd, Pb, and Bi. 



III.— NON-METALLIC ELEMENTS. 



294. In this division we propose to develop methods — 
(i.) for the examination of a substance for its non-metallic 
elements ; (2.) for the discrimination of all the more im- 
portant inorganic, and of a few of the more common organic, 
acids; and (3.) for the separation from one another, and 
from metallic bases, of certain groups of these acids. Apart 
from the halogens which are treated as a genus, each 
element has a special chapter devoted to it, which always 
begins with an exposition of the properties and reactions of 
what is called the * free element,' and then passes on to the 
consideration of those acids in which the element forms the 
characteristic ultimate radicle. At the end of each chapter 
it is shown how a complex of metallic salts of these acids can 
be exhaustively analysed ; and at last methods are given, 
by means of which any of the other compounds of the 
element imder consideration can be identified as compounds 
of that element. To avoid unnecessary repetition, let us state 
here, once for all, that in giving ^the reactions of the salts of 
an acid^ we have in view chiefly iht potassium, sodium, and 
ammonium salts. The extent to which the respective tests 
and methods of separation apply to salts of other bases can 
generally be deduced from a consideration of the properties 
of those products which, supposing the reaction did hold, 
would be formed ; from their solubility relations, degrees of 
volatility, colours, for instance, if the test we have to deal 
with is founded upon the formation of an insoluble, a vola- 
tile, or a characteristically coloured substance, respectivel^f, 
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THE HALOGENS. 
(Chlorine, Bromine, Iodine.) 

296. In order to be able to shortly state what is common to the three 
elements, or to two of them, we shall use the following generic words 
and symbols, viz. i — 

^Halogen * for Chlorine, Bromine, Iodine. 



•X' ., CI Br I 



^Haloid'* „ Chloride, Bromide, Iodide. 
*RX' „ RCl RBr RI 

' HaJogenate ' for Salts of oxygen-acids of the halogens. 



I. The Free Halogens, 

296. Physical properties. — Chlorine^ Clj, a yellowish- 
green ^^(fw of the spec. gr. 2*44 (air =1), which, when sub- 
jected, at ordinary temperatures, to a pressure of about five 
atmospheres, condenses into a yellow liquid. Bromine, a 
dark-brown, almost non-transparent liquid^ of the spec. gr. 
2*97, which, even at the ordinary temperature, emits copious 
brown vapours. It fi-eezes at — 24*'-5, and boils at 63**. 
Iodine^ a black, non-transparent, metallic-looking, crystalline 
solid, of the spec. gr. 4*95, which, although possessing a very 
decided smell, does not, at ordinary temperatures, emit 
visible vapours. It melts at 1 13"*-! 15°, and boils above 200°; 
but far below even the former temperature emits violet 
vapours, which are so intensely coloured that they are visible 
even when very largely diluted with colourless gases. 
Halogen-vapour generally exhibits a most violent action on 
the respiratory organs, which only after large dilution with 
air assumes the character of a smell. 

297. Solubility relations. — Chlorine i^ absorbed by water, 
the more largely the lower the temperature. One gramme 
of water of 15**, when shaken with excess of pure chlorine 
of 760 mm. partial pressure, absorbs 7*52 mgr. of the gas 
= 2*37 cc at 0°, and 760 mm. The solution (* chlorine- 



The Halogens. 165 

water') is yellowish green; the dissolved gas is readily 
expelled by a current of any other gas or by boiling. 
Bromine and iodine also are only sparingly soluble in water. 
When saturated at 15** and 6** respectively, Sromine-water 
contains 3*23 p. c. ( ^ Dancer)^ and iodine-water, nflioo ^^ 
of its weight of halogen. Both halogens are more largely 
soluble in solutions of the corresponding hydrogen, potassium, 
and sodium salts than in pure water. All these aqueous 
solutions, if sufficiently rich in free halogen, exhibit a brown 
colour ; but, whatever may be their degree of concentration, 
the free halogen is easily expelled by boiling, and can be 
extracted by shaking the solutions with bisulphide of carbon or 
chloroform, when, even if a comparatively small volume of 
one or the other of these liquids was used, the bulk of the 
free halogen passes into the bisulphide or chloroform, impart- 
ing to it, in the case of bromine, an intense brown (or yellow), 
in the case of iodine, a still more intense violet, colour. 

Reaction on — 

298. Oxygen {i,e, O,), Nitrogen, Carbon. — These elements do not at 
any temperature act on free halogen or halogen-haloid. 

299. Hydrogen. — A mixture of equal volumes of chlorine and 
hydrogen, when exposed to direct sun>light, is instantaneously and com- 
pletely converted into hydrochloric acid HCl, with explosion. In 
difiiise daylight, or if a sufficient excess of one of the two gases is 
present, the same reaction progresses gradually and quietly. A mixture 
of haiogefi'Vapour generally ^ and hydrogen, when passed through a red' 
hot tube, undergoes partial association into hydride XH ; but while in 
the case of chlorine the whole of the potentially present HCl is actually 
produced, in the case of bromine a part of the H+Br, and in the case 
of iodine the bulk of the H+I, escapes association. Of the three 
h3^rides, HCl, and in a limited sense also HBr, is stable at a red heat, 
while HI, at such temperatures, undergoes very large dissociation into 
I, and H,. 

800. Solplinr, Fbosphorus, Silicon, Boron, are all capable of 
uniting directly at least with chlorine or bromine. Of the compounds 
producible in this way, the following are the most important: — 
S,a„ S,C1^, PCI,, PBr,, PCI., PBr„ SiCl,, BCl,. All these 
halogenides when treated with excess of water are decomposed with 
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formation of oxygen acids of the element associated with the halogen 
and complete elimination of the latter as hydride NX. In the case of 
phosphorus the same products are formed by the simultaneous action of 
this element on water and halogen. Ex. : P+Clg + 5HjO=PO. (OH)^-*- 
H,0+5HCL 

301. Metals. — Halogen is capable of combining with all metals ; 
with those of the potassium, magnesiimi, and barium groups, and 
with silver, zinc and cadmium only in the one proportion of one equi- 
valent of metal to one equivalent of halogen (R' : X or R" : Xj) ; 
with most other metals in several proportions. The vast majority of 
these compounds can be produced by the direct union of the free ele- 
ments, or — as aqueous solutions — ^by the simultaneous action upon one 
another of halogen, metal and water. Iridium is the only metal which 
is not attacked at the ordinary temperature by any halogen ; gold and 
platinum are not affected by iodine. In affinity to hydrogen and electro- 
positive metals, and stability of the respective compounds, chlorine 
exceeds bromine, and bromine exceeds iodine. Hence chlorine de- 
composes bromides and iodides, and bromine decomposes iodides, with 
liberation of the respective halogens. 

802. The following table shows the effect of a current of dry chlorine 
on some of those metals which are most likely to present themselves to 
the analyst in the free state. The action in each case is supposed to be 
started in the cold, and then to be supported, if necessary, by applica- 
tion of the requisite amount of external heat. 



Symbols of 
the Metals. 


Products of Chlorinatioii. 


Properties of Chlorides. 


As, Sb, Sn, 
Bi.» 


AsCla, SbCl«, SnCL, 
BiCl,. 


Liquids, or readily fusible solids, 
distillable, without decomposi- 
tion, at temperatures far below 
redness. 


Fe, AL 


Fe,Cl., Al^Cl.. 


Solids sublimable in a dry current 
of chlorine below 2xxf. 


Hg. 


HgCl and HgCl,. 


Solids which sublime unchanged 
at a red heat. 

< 



* These metals are violently attacked at ordinary temperatures, with evolution of 
much heat. 
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Symbols of 
the Metals. 


Products of Chlorination. 


Properties of Chlorides. 


Cu. 


(At low temperatures) 
CuClandCuCl,. 


Solids. CuCls at a red heat is 
reduced to CuCl, which, at 
that temperature, is but slowly 
volatilized. 


Pb, Ag. 


PbCl,, AgCl. 


Solids, fusible below, but not 
appreciably volatilized at, a dull 
red heat. 


Zn, Cd. 


ZnCl,, CdCl,. 


Solids, fusible below, and sublim- 
able at, a red heat. 


Au, Pt 


(At low temperatures) 
AuCU, PtCl^. 


Solids, which at certain tempera- 
tures below redness are reduced 
to AuCl, PtCl,. These, at a 
red heat, are reduced to 
metals. 



These data can be advantageously discounted in the analysis of alloys 
and of mixed metallic sulphides. 

303. Halogens. — Iodine when treated with chlorine is converted 
first into ICl, and then into IC1„ both solids. The first distils unde- 
composed at 101°, the second, when heated, is converted into a 
dissociated vapour of ICl+Cl,. The two chlorides when treated with 
water behave as if they were mixtures of iodine and a chloride ICl^, 
easily acting on water according to equation ICl5+SH,0=5HCl+ 
I0,H+2H,0. 

301. Water. — Halogen-water when kept in the dark undergoes 
no chemical change. Bromine and iodine-water are also not affected, 
it seems, in the light. But chlorine-water^ when exposed to daylight, is 
gradually decomposed, with formation of hydrochloric acid and free 
oxygen. Chlorine (bromine) when heated to redness with steam is, 
{>artially at least, converted into hydride, with evolution of oxygen ; 
iodine, under these circumstances, remains unchanged. 

305. Solutions of strongly l>asic hydrates. — Solutions of potash, 
soda, baryta, etc. (also suspensions of oxide of silver in water), readily 
act on chlorine, iodine, or bromine, with formation oi haloid K'^^ and 
halogenaU (RXO or RXO,, or both). 



1 68 N on- Metallic Elements. 

806. Ammonia. — Chlorine or bromine when added to an excess 
of aqueous ammonia is readily converted into haloid of ammonium^ 
with evolution of nitrogen. The action of an excess of chlorine or 
bromine on ammonia (or NH^Cl, NH^Br) gives rise to the formation 
ol highly explosive liquids {*• chloride^^ ^ bromide^ of nitrogen). Iodine 
when treated even with an excess of ammonia is converted, partly into 
* iodide of nitrogen,' a black, highly explosive precipitate of varjring 
composition, partly into iodide of ammonium. 

807. Bedndng agents. — The free halogens, when added to the 
aqueous solutions (or mixtures with water) of certain substances, act as 
halogenizing or indirectly oxidizing agents ; the halogen in the latter 
case being invariably converted into haloid. Thus, for instance, by 
the joint action of halogen and water, 

(a.) Phosphorus is converted into phosphorous or phosphoric acid 
(POsH, or POiHs) ; 

(b,) Sulphurous acid or alkaline sulphite, into sulphuric acid or 
sulphate ; 

(c) Arsenious acid As fi^j into arsenic acid AsaOg. 

In cases {6.) and {c.) the oxidation is complete, if there is 
enough of alkali present to convert the whole of the acids 
ultimately formed into normal salts. 

(d.) Stannous chloride is more or less completely converted into 
stannic haloid ; 

{e,) Mercurous salts (by an excess of chlorine or bromine at least) : 
into mercuric salts ; 

(/) Solutions of cuprous and ferrous salts are, by the action of 
chlorine or bromine, converted into cupric 2Ji6. ferric salts 
respectively. These two oxidations cannot be effected by 
iodine; on the contrary, ferric and cupric salts, when treated 
with hydriodic acid or alkaline iodides, are reduced to 
ferrous and cuprous salts, with liberation of iodine. 

308. Reactions available for the detection of free Halogen^ 

i.e. of Cl%^ Br^j h* 

Supposing each of the three substances CI2, Br2, I2, to be 
given for itself in the form of a solution in either pure water 
or in a solution of mineral acids or salts, and, 

Bromine and iodine are easily distinguished from each 
other, and from chlorine, by means of chloroform^ which is 
not visibly affected by chlorine, while, when shaken with 
solutions of the other two, it absorbs those and exhibits 
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characteristic intense colours. (See § 297.) Bromine 

and chlorine^ in opposition to iodine, are characterized by 
their power of dissolving gold leaf 2^% Au(Cl3 or Br,), of which 
the least trace can be detected by means of stannoso-stannic 
chloride, as shown in § 73 ; and by their property of readily 
decolorizing indigo-solution in the cold."*^ A specific re- 

agent for iodine is a solution of starch, which, when added 
to ever so dilute a solution of free iodine produces an 
intense blue colour. This test is the more delicate the lower 
the temperature. At some temperature below 100° the 
colour disappears, but it may re-appear on cooling. To 
exhaustively examine a solution for CU, Br2, and I2, the best 
method probably is, first to eliminate the I2 and £r2 by means 
of chloroform^ and then, after having added, if necessary, 
enough of water to render any hydrochloric acid non-volatile, 
to expel the chlorine by distillation or by toieans of a current 
of air passed through the liquid in the cold, and to 
collect and condense the volatilized chlorine in zinc and 
water as ZnCU, which, of course, has to be identified. 
Methods for this purpose will be given presently. From 
their solution in chloroform,, bromine and chlorine can be 
re-extracted by shaking the solution with water, zinc and a 
drop of sulphuric acid, when the halogen passes into the 
aqueous part as Zn X2, which can be examined according 
to § 315. * Treves of chlorine (or bromine) can be detected 
by means of a solution of iodide of potassium, from which 
either halogen eliminates free iodine, of which the least trace 
can be detected by means of starch-solution. 

309.— II. The Hydrides HCl, HBr, HI, 

are colourless gases, heavier than air, which, when 
brought in contact with moist air, form dense clouds of 
hydrates. They are all three eagerly and abundantly dis- 

* In applying these tests we must not forget that they are not so much tests for- 
the two halogens as tests for a large class of oxidizing agents which happens to> 
include these two species. 
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solved by water, with evolution of much heat. One gramme 
of water, when saturated with excess of chloride of hydrogen 
at 15°, and under a partial pressure of 760 mm., absorbs 
0747 grammes of the gas. A solution of halogen hydride 
in water is colourless and heavier than water itself, the 
specific gravity of a solution HX+yH20 being the greater, 
the greater X and the greater y. The solution when boiled 
down in contact with its own vapour behaves like a mixture 
of water with, or an absorption of hydride in, a definite 
(mixed) hydrate HX.nH20, boiling without apparent decom- 
position at some temperature above 100° ; n varies slightly 
with the atmospheric pressure ; in case of hydrochloric acid 
(X= CI) (at any pressure about 760 mm.) it is very nearly = 8. 
The hydrides are strong monobasic acids^ they readily 
unite with all metallic bases, forming water and 

III. Metallic Haloids. 

310. Ohlorides. — Of the vast number of metallic chlo- 
rides a comparatively small number are liquids or very 
easily fusible solids, which are so volatile that they can be 
distilled from out of glass retorts ; but the majority are solids^ 
which, when gradually heated, for themselves, generally 
melt only at some temperature about dull redness, and at 
certain higher temperatures, which as a rule lie about or 
above a bright red heat, are volatilized, more or less readily, 
most of them without decomposition. Metallic bromides 
generally are similar to the corresponding chlorides, while 
the iodides frequently exhibit a peculiar character of their 
own. Most metallic haloids, when exposed to a red 

heat in presence of vapour of water, are decomposed, 
partially at least, with formation of oxide or oxy-haloid, and 
halogen-hydride (in case of the bromides and chlorides), or 
halogen (in case of the iodides). The haloids of mercury 
and silver are perhaps the only haloids not liable to such 
decomposition. With regard to their behaviour to liquid 
water, metallic haloids may be divided into (i.) such which 
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by the action of water are decomposed, with formation of 
halogen-hydride and metallic oxide (ex. AsCU), or some in- 
soluble metallic oxychloride (ex. SbCls, BiCls); (2.) such 
which, if not absolutely insoluble, are dissolved, however 
sparingly, without decomposition. Most haloids belong to the 
second class and are readily soluble in water. Of the excep- 
tions the most important are included in the following table. 

311. Table showing the solubilities of certain Chlorides as 
compared with the corresponding Bromides and Iodides, 



Name of MetaL 

General formula 

of Salts. 


Chloride. 


Bronude. 


Iodide. 


Cuprosum, 
CuX. 


Almost insoluble in 
HsO and in dil. 
HsS04 ; soluble 
in NHt- HQ- 
NaCl- solutions. 


Almost insoluble in 
water; soluble in 
ammonia. 


Insoluble in HsO; 
sparingly soluble 
in HCT; soluble in 
(NH4salt+NHa.) 


Cupricum, CuXs 


Soluble in water. 


Does not exist. 


Lead,PbXa. 


Soluble in 1 35 parts 
of cold HsO, easily 
in hot HsO. 


Sparingly soluble in 
even not H2O. 


Soluble in zsoo parts 
of cold, and in z 20 
of hot H20. 


Mercurosom, 
HgX. 


Insoluble in water. 


Very slightly soluble 
in H2O. 


Mercuricum, 
HgXs. 


Soluble in 18 parts 
ofcoldHsO. 

More easily sol 


Soluble in asoparts 
ofcoldHsO. 

uble in alcohol 


Insoluble in water; 
soluble in alcohol ; 
soluble in solu- 
tion of iodide of 
potasMum. 


Palladium, 
PdXs. 


Soluble in HsO. 


Insoluble in H2O; 
soluble in solutions 
of chlorides. 


Insoluble in H2O ; 
do. in diL acids: 
slightly soluble in 
solutions of certun 
chlorides. 


Platinoswn, 
PtXj. 


Insoluble in water. 


Platinicum, 

PtX4. 


Soluble in water. 


Insoluble m water. 


SUvei* AgX. 


Insoluble 

Easily soluble in 
ammonia. 


t in water and dilute a 

Difficultly soluble in 
ammonia. 


cids. 

Insoluble in am- 
monia. 



812. A^^/^.— Besides the relatively insoluble normal haloids men- 
tioned in this table, there are a large number of more or less sparingly 
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soluble oxy-haloids. It is worth noting that the majority of those 
chlorides which correspond to strongly basic oxides (as K,0, £aO, 
etc. ) are less soluble in aqueous hydrochloric acid than in water. 

Reactions far the detection of Haloids, 
313. (tf.) In Solids. 

1 . * Concentrated sulphuric acid, when heated with solid 
haloids, produces the following effects : — Chlorides give off 
white fumes of HCl only ; bromides : HBr mixed with SO2 
and brown vapours of Br2 ; iodides: violet vapours of iodine, 
SO2, and little or no HI. 

2. * Anhydrous haloids, when mixed with bichromate of 
potash zxA then distilled with excess oi concentrated sulphuric 
acid, behave as follows : — Chlorides give a distillate con- 
sisting of chlorochromic acid Cr02Cl2, a heavy liquid (resem- 
bling bromine in appearance), which when treated with excess 
of dilute ammonia yields a yellow solution of ammonium 
chromate and chloride. Bromides and iodides yield free 
halogen, which when treated with excess of ammonia yields, 
the Br2 : a colourless solution of bromide of ammonium ; the 
I2 : black insoluble iodide of nitrogen. This reaction is 
available for the detection oi chloride in presence oi bromide 
(but not in presence of iodidet), the presence of chromium 
in the distillate demonstrating that of chloride in the 
substance ; but this evidently is a very weak point in the 
method. 

3. If a microcosmic salt bead, previously charged with 
oxide of copper, is fused together at the end of tiie inner 
blue cone of an oxidizing blowpipe-flame with a metallic 
haloid^ some of the copper volatilizes as haloid, and imparts 
to the flame an intense colour, which, in the case of chlorine, 
bromine, iodine, is blue throughout, blue on the whole but 
green at the edges of the flame, pure green, respectively. 

* Does not hold for the haloids of silver and mercury. Test No. a Is probably 
available only for the haloids of those metals which form sulphates of great stability, 
t Not even, \{ caustic potash is substituted for the ammonia. 
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314. (^.) In Solutions, 
4. Nitrate of silver^ from neutral or acid solutions of 
haloids^ precipitates the halogen completely in the form of 
haloid of silver. The precipitate is at first milky, but on 
shaking becomes curdy and settles very readily, so that it 
can easily be washed by decantation. Haloid of silver is as 
good as absolutely insoluble in water (hot or cold), and in 
cold dilute nitric or sulphuric acid, and in solutions of most 
ordinary metallic salts. It is scarcely affected when boiled 
with dihite nitric or sulphuric acid. But it is appreciably 
soluble in solutions of hydrohalogenic acid (HX) and of 
haloids generally, and more or less readily soluble in alkaline 
thiosulphates and cyanides. When heated to dull redness 
it melts without decomposition or volatilization into a clear 
colourless or yellowish fluid, which, on cooling, solidifies into 
a homy mass (* horn-silver '). When fused with alkaline 
carbonate it is decomposed, with formation of silver, oxygen, 
and alkaline haloid. When treated with zinc^ watery and a 
little sulphuric acid, it is reduced to metal, with formation of 
a solution of haloid of zinc ZnX2. When recently precipi- 
tated, chloride of silver is white^ the bromide yellowish white, 
the iodide decidedly yellow. The three precipitates when 
exposed to daylight suffer partial reduction, and con- 
sequently get discoloured. The chloride is easily soluble, 
the bromide difficultly soluble, and the iodide almost in- 
soluble in cujueous ammonia. If the ammoniacal solution is 
acidified with nitric acid the dissolved haloid (AgCl,AgBr) 
is re-precipitated. The haloids of silver, although all three 
practically insoluble in water and dilute nitrates, are not in- 
soluble to exactly the same extent. If a mixed solution of 
chloride, bromide, and iodide is precipitated, with continuous 
agitation, by gradual addition oif nitrate of silver, the iodine 
goes down first, the bromine next, the chlorine last. 
Although it is not possible in this way to effect anything like 
a quantitative separation, the method of firactional precipi- 
tation may serve for, so to say, concentrating small quantities 



1 74 Non-Metallic Elements, 

of iodide or bromide diffused through large quantities of 
chloride, and vice versa, 

5. Sulphate of copper^ when added to a neutral or moder- 
ately acid solution of an iodide^ gives a dirty white precipi- 
tate of cuprous iodide Cul, and a solution containing free 
iodine. If sulphurous acid is added to the mixture in 
sufficient quantity to reduce the iodine to hydriodic acid 
(and if necessary an additional quantity of copper salt), the 
whole of the iodine is converted into and almost completely 
precipitated as cuprous salt. Chlorides and bromides^ in 
sufficiently dilute acid liquids at least, do not under these 
circumstances show any visible tendency of passing into 
cuprous compounds, and consequently, if present, remain 
dissolved. (Comp. § 311.)* 

6. Nitrate of palladium is a most delicate and, in presence 
of a moderate quantity of chloride, also a characteristic pre- 
cipitant for iodide. The black precipitate Pdl2 is insoluble 
in dilute acids and little soluble in chlorides. In absence 
of chlorides, bromides also are precipitated by the reagent 

7. Dilute mineral acid, when added to a dilute solution of 
haloid, liberates HX, which in the case of chlorides is stable 
in presence of air, while the two other hydrides absorb 
oxygen, the bromide slowly, the iodide more rapidly, with 
elimination of free halogen. If the acid (or the original 
neutral) solutions are mixed with 

8. Chlorine-wcUer, then, in the case of chloride, there is 
no change, while the two other haloids are decomposed 
with elimination of free halogen. The iodine sometimes 
separates out as a black heavy precipitate, but as a rule it 
remains dissolved, producing a brown, yellow, or, if present 
in very small quantity, a colourless solution. The least 
trace of iodine thus liberated can be detected by means 
oi chloroform ox starch solution. (Comp. §§ 297 and 308.) 
The bromifie always remains dissolved and, if present in ap- 

* According to Mohr, a solution of cuprous chloride in hydrochloric acid is a 
2>ctter precipitant for iodide than ordinary sulphate mixed with sulphurous acid. 
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preciaUe quantity, imparts to the solution a colour similar 
to, but &r less intense than, that produced by iodine. 
Traces of bromine can be detected (and Br2 generally be 
distinguished from I2) by means of chloroform. (Comp. 
§ 297.) If the liberated halogens (Br2, I2) are treated with 
an excess of chlorine^ then the bromine remains substantially 
unchanged, but the iodine is converted into iodic acid, which 
does not colour starch or chloroform, and is not dissolved 
out by this liquid. The liberation of iodine^ from acid solu- 
tions of iodides, may also be effected by 

9. Nitrous acid* which reagent offers this advantage over 
free chlorine, that an excess of it does not affect the liberated 
halogen, and that it does not decompose pure bromides at 
least In presence of chlorides, bromides are decomposed, 
with liberation of bromine. 

315. Examination of a Solution of Salts for Haloids, 

Given a solution of salts in water or dilute mineral acid, 
which is free from oxygen-acids of iodine and bromine, 
from cyanides, sulphides, thiosulphates and polythionates, 
and — ^however complex its composition may be otherwise — 
all that may be present in it in the shape of haloid can be 
eliminated completely by' adding a slight excess of nitrate 
of silver, and, after removing the mother liquor, extracting 
from the precipitate what is soluble in dilute (say io7o) nitric 
acid and washing the undissolved portion. This portion 
can contain nothing but haloid of silver. 

To analyse such haloid, first decompose it with zinc, 
water, and a drop of sulphuric acid (see § 314, under 4), and 
remove the silver by filtration. Supposing now — as we will, 
to avoid circumlocution — the solution actually contained 
the three halogens as zinc salts, then the presence of iodine 
is easily demonstrated by adding, to a small portion of the 
liquid, first dilute sulphuric acid and starch (or chloroform), 

* Le. in practice, by addition of a solution of N^Os in concentrated sulphuric acid, 
or by the successive addition of nitrite of potash and dilute nitric or sulphuric acid. 
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and then a quantity of nitrous acid or chlorine water, which 
must be adjusted so as to be presumably insufficient to 
liberate the whole of the iodine. If this precaution be ob- 
served, any locally formed free bromine is ultimately re- 
placed by iodine, and the test will not fail. In order now 
to test for bromide, one method is, first to liberate the iodine 
with nitrous acid in presence of starch, then to add chlorine- 
water until the blue colour has disappeared, Le, until the 
whole of the iodine has been converted into iodic acid, and 
lastly by shaking with chloroform to collect and detect the 
free bromine. This method, however, will not succeed if the 
bromide was associated with much iodide. In this case it 
is better first to remove the iodine (from part of the original 
zinc-solution) by means oi sulphate of copper and sulphurous 
acid, to allow the precipitate to settle, to filter, to expel firom 
the filtrate the sulphurous acid by boiling, then to eliminate 
the copper by means of metallic zinc, and lastly to test for 
bromine by means of chlorine-water and chloroform — ^in a 
part of the liquid. The rest might be evaporated to dry- 
ness, and in the residue the chloride searched for by distilla- 
tion with chromate and sulphuric acid (§313, 2). But it is 
far better to remove the bromide (and perhaps part of the 
chloride) by fi-actional precipitation with nitrate of silver, 
and in the filtrate — after having demonstrated the presence 
of haloid — to prove the absence of bromide and iodide. 
This method succeeds very easily if the chloride predominates 
largely ; if it does not, the following modus operandi may be 
adopted: — From the original haloid solution— or after 
elimination of the iodide — precipitate all the haloid by 
means of nitrate of silver. Wash the precipitate by decanta- 
tion with cold water, then digest it for some hours with 
say Y^th of its equivalent of iodide of potassium, and filter. 
If the filtrate contains haloid, not bromide or iodide, it must 
necessarily contain chloride. If the original solution Con- 
tained. no other metallic bases than alkalis, alkaline earths, 
alumina, zinc or cadmium oxides, and was free firom a 
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certain class of acids which includes nitrous and sulphurous, 
besides fulfilling the conditions enumerated at the outset, 
then the three halogens may be searched for at once without 
first letting them pass through the condition of silver-salt. 

IV. Halogen-oxides and Hydroxides^ and their Salts. 

316. The following oxides and hydroxides of halogen 
are with certainty known to exist : — 

ci,o ci,o, ci,o, 1,0. 

(HCIO?) (HCIO,?) .... HCIO3 HCIO, 

(HBrO, ?) 
HID, HIO,xH,0 

All these compounds, except CI2O4*, are acids or acid- 
anhydrides. The chlorine and bromine acids are all mono- 
basic; but the acids HIO3 and HIO4 represent each of 
them only one of the several series of salts which the respec- 
tive oxide (I2O5 or I2O7) is capable of forming. 

317. Of the alkaline (K- or Na-) salts of the acids under 
consideration, mostofxhos^ which correspond to the formula 
RXOy, when heated to redness, are completely reduced to 
haloids (RX) with evolution of oxygen (Oy). Under the 
same circumstances, all the silver-salts of these acids, without 
exception, leave residues which contain the whole of the 
haloid of silver originally present (potentially) in the salt. 

All the chlorine acids enumerated, except perchloric 
HCIO4, when treated as aqueous solutions with excess of 
sulphurous acid^ are readily reduced^ especially on heating, 
to hydrochloric acid. Solutions of iodic^ bromic^ and periodic 
acids, on gradual addition of sulphurous acid, give fast free 
halogen^ which, by an excess of the reagent, is converted 
into hydride. Thus, for instance, lOaH is reduced, first 
to firee iodine, ultimately to hydriodic acid. 

Oxygen Acids of Chlorine, 

318. Hsrpoehloroiis acid. — The anhydride CI2O is a yellow 
gas of 3'o spec. grav. (air=i), possessing a strong peculiar 

*This oxide may be looked upon as being a mixed anhydride of HClOs and 

HaOa. 

M 
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odour. It is very unstable, being readily decomposed 
— on exposure to sunlight, or even local application of 
heat — into chlorine and oxygen, with evolution of heat. 
This decomposition, under certain circumstances, takes 
place suddenly, with explosive violence. The gas 

CI2O is absorbed by water; the solution, if sufficiently 
strong, exhibits a yellow colour. When left to itself it 
gradually suffers decomposition, with formation of chloric 
acid, chlorine, and oxygen. The same decomposition takes 
place more readily on boiling. The solution when mixed 
with solutions of basic hydrates (KHO, BaOjHa, etc.) is 
converted into one of hypochlorite (RCIO ; R= K, Baj, etc.), 
(a class of salts which are not known as yet in the dry state). 
Hence the solution of CI2O in water is, so far at least, virtually 
equivalent to one of HCIO. A dilute solution of what 
really seems to be HCIO is obtained by passing chlorine 
through a suspension of carbonate of lime in water. The 
mixture, when distilled, 3delds a distillate, which, even after 
repeated distillation, gives no precipitate with nitrate of 
silver.* This solution (as also the absorption of CI2O in 
water) bleaches indigo like chlorine-water, from which it can, 
however, be distinguished t by its behaviour, on being shaken 
up, for a sufficient time, with mercury. Dissolved CI2 is 
completely converted into calomely which is insoluble in 
hydrochloric acid ; CljO is also completely decomposed, 
but with formation of a mercuric oxychloride, which dis- 
solves in hydrochloric acid as corrosive sublimate HgCl,. 

If solutions of fixed alkaline carbonates or hydrates, or of 
the hydrates of the alkaline earths, or the same substances in 
the dry state, are treated, in the cold, with free chlorine, the 
gas IS largely absorbed, with formation of substances of the 
composition R'^O.Cl,, which in the case of mono^cid bases 
are mixtures, but in the case of the di-acid one^ seem to be 
c ompounds, of chlori des and hypochlorites. Ex. : KjCCl, 

• But if the mixture is rendered alkaline K» ..ij-.; * 
suffers decocidation. with iJ^^TT^,^^^. "^ P***^ ^ hypochlorite 
pcrtwide of saverT *^^^<» of a Wack precipitate, containing an unsuble 

t Aocordinc to tVplUrt, 
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= KCl + KCIO ; Ca"0.Cl2 = Cl-Ca-(CIO). Ordinary 
bleaching-powder is essentially a mixture of this compound, 
with more or less of hydrate and carbonate of lime. These 
substances, when treated with excess of mineral acid, behave 
as if they were Base +CI2,. but when distilled with much 
water and less acid than is required to saturate the base of 
the hypochlorite, yield distillates of HCIO. 

819. GhlorouB add HCIO, is not known. The anhydride C1,0, 
forms a yellowish green gas of 4*1 spec. grav. (air7=:i). When heated 
to about 57% it is decomposed, with explosion, into Cl,+iO,. It is 
soluble in water (at 14° and 760 nun. in 20 parts), forming a greenish- 
yellow liquid, which stains the skin. It bleaches indigo in the cold. The 
solution acts but sluggishly even on caustic alkalies, and not at all on car> 
bonates. The lead salt and the silver salt are sparingly soluble in water. 

Aqueous alkaline hypochlorites and chlorites are decom- 
posed on boiling, with formation of chlorates and chlorides 
Ex. 3KC10=2KC1+KC108. *If, previous to the applica- 
tion of heat, a small quantity of sesquioxide of cobalt is 
produced within the liquid (by addition of a drop of cobalt 
salt), then a part at least of the dissolved salt breaks up into 
chloride and oxygen.* 

320. Chloric ax^id HClOs is a syrupy liquid, miscible in 
all proportions with water. The oxide CI2O5 is not known. 
The acid, although far more stable than HCIO and HCIO2, 
when heated for itself, or in the form of an aqueous solution, 
breaks up into perchloric acid, chlorine, oxygen, and water. 
A solution of the acid (or of a chlorate mixed with dilute sul- 
phuric acid) does not, in the cold, destroy the colour of indigo 
solution, but it does so if acting conjointly with a quantity 
of sulphurous acid insufficient to remove the whole of the Os 
from the HCIO3. All normal chlorates are soluble in 

water; the least soluble of the class are those of potassium and 
rubidium. (See § 254.) Solid chlorates are violently 

acted upon by concetitrated sulphuric acid with formation of 
perchloric acid and of the oxide CI2O4, of which a part remains 
dissolved, imparting to the mixture a deep yellow colour. 



* Probably generally true, but proved only for a soluUon o{ ^AcacVvm^ ^>»j^«.* 
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All these oxygen-acids of chlorine — and also their salts 
when used conjointly with free mineral acids — ^are strong 
oxidizing agents. On the chlorine-reducers named in § 307 
they act, substantially, like free chlorine, />., they act as if 
they consisted of active oxygen + free chlorine. 

321. Perchloric acid HCIO4 is a colourless, very volatile 
liquid of little stability. When dropped on wood or other 
combustible matter, it is instantaneously reduced (and the 
combustible oxidized) with violent explosion. It eagerly 
combines with water, with considerable evolution of heat. 
HCIO4.H2O is a crystalline solid, more stable than the acid 
itself. The crystals, when mixed with the proper quantity 
of water, are converted into an oily liquid which very much 
resembles oil of vitriol, not merely in appearance, but also 
in its action on wood, sugar, starch, which it decomposes (as 
oil of vitriol does) with formation of charcoal. If exactly 
composed according to the formula HCIO4 + V HaO, it 
distils at 203°, without change of composition. In this 
form, or when given in the form of weaker hydrates, per- 
chloric acid possesses a high degree of stability. 

Dilute solutions of perchloric acid (or of perchlorates 
mixed with sulphuric acid) do not bleach indigo, nor oxidize 
sulphurous acid in the least, even on boiling. 

Most normal perchlorates are easily soluble in water ; the 
most sparingly soluble of all are the potassium, rubidium, 
and caesium salts. (See § 254.) 

Solid perchlorates, when treated with concentrated sul- 
phuric acid in the cold, dissolve quietly into a colourless 
fluid containing no lower chlorine oxide. 

322. The silver salts of all oxygen acids of chlorine are 
soluble in water, except the chlorite AgClOg which dissolves 
in nitric acid. 

Oxygen-Acids of Bromine and Iodine, 

323. Bromic acid HBrOs is known only as an aqueous 
solution which, when heated to 100^, gives off bromine and 
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oxygen. The aqueous acid reddens litmus and then 
bleaches it* By sulphurous acid the BrOsH is reduced, 
first to Br2, then to HBr. Bromates R'BrO, (where 

R' = I equiv, of metal) are most of them soluble in water \ 
the silver, lead, and mercurosum salts are insoluble, or 
nearly so, in water. Solid bromates^ when treated with con- 
centrated sulphuric acid^ give off bromine and oxygen ; with 
concentrated hydrochloric acid they yield a yellow solution 
containing bromide of chlorine; with hydriodic acid: bro- 
mide of iodine. Solutions of bromates when mixed 
with dilute sulphuric acid are decomposed with elimination 
of HBrOa {^^^^ supra). When mixed with nitrate of silver 
they give a white precipitate AgBrOs, which is sparingly 
soluble in water and in cold dilute nitric acid, but more 
readily soluble in ammonia. Concentrated sulphuric acid 
decomposes the silver-salt as it does other bromates. 

324. Perbromic acid HBrO^ is said (by Kdmmerer) to be formed by 
the action of bromine on perchloric acid. (?) 

325. Iodic acid IjOs.xHgO.— The hydrate HlOa (prepared 
by oxidizing iodine by means of the strongest nitric acid in 
the heat, and evaporating to dryness) is a white crystalline 
solid, easily soluble in pure water, but far less soluble in 
dilute nitric acid, dilute sulphuric acid, or alcohol. At 170° 
it loses its water and leaves the anhydride I2O6, which at a 
higher temperature breaks up into its elements. An aque- 
ous solution of the acid, on gradual addition of sulphurous 
acid^ is reduced, first to halogen, then to hydride. Iodic 
and hydriodic acids, when mixed as aqueous solutions, de- 
compose each other completely into iodine and water : 
HIOj + sHI=3l2 + 3H2O. Iodic acid [and any iodate], 
when boiled with strong hydrochloric cuid, is decomposed 
completely, with formation of free chlorine, terchloride of 

* Hence it appears that bromic is less stable than even chloric acid, and, a fortiori^ 
lar less stable than iodic add. This is quite in accordance with the results of Thom- 
sen's thermochemical investfgations,' which show that, in afHnity to oxygen, iodine 
exceeds chlorine, and chlorine exceeds bromine. 
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iodine [and metallic chloride] ; thus : I2O6 -f ioHCl= 
2ICI8+2CI2+5H2O. Aqueous iodic acid readily saturates 
bases, with formation of iodates, 

326. Metallic iodates. — There are two classes of iodates : 
istly, ^normal iodates, R'20l206, and 2dly, ^ acid iodates^ 
R'20.l206.xl206 (where R' means one equivalent of metal). 
Most metallic iodates are insoluble or difficultly soluble in 
water. Even the alkaline salts are rather sparingly soluble. 
Thus, for instance, the salts 

KgO.IaO, K2O.2I2O5 K2O.3I2O5 
dissolve, at 15°, in 15 75 25 parts of 

water respectively. All metallic iodates are completely 

decomposed at a red heat ; the potassium salts exactly 
according to the equation KI08.xl206=KI+0(s+&t,+xl2 ; 
the sodium salts into iodine, oxygen, and a residue of the 
empirical composition NagleOa, which behaves to reagents 
as if it was 6NaI+Na208 (comp. § 252) ; the iodates of di- 
or poly-valent metals : into oxygen, iodine, and a residue 
consisting of pure oxide, or a mixture of iodide and oxide, 
or basic periodate. The baryta salt BaOl206, for instance, 
is decomposed thus : 5Ba(IO,)2=4lB+902+l207.5BaO. 

Behaviour to Reagents of 

327. Solid iodates. — Concentrated sulphuric acid liberates 
the acid, which in itself is stable, but, in presence of organic 
matter or other reducing agents, yields violet vapours of 
iodine. (Comp. § 323.) 

328. Solutions of iodates. — Nitrate of silver {ixota neutral 
or nitric solutions) precipitates a white silver salt, which 
always is AglOs, whatever may have been the formula of 
the original salt. The precipitate is almost insoluble in 
water and in cold dilute nitric acid, but is readily soluble in 
ammonia. If the ammonia solution is mixed with sulphite 
of ammonia, the iodate is reduced to, and precipitated as, 
iodide Agl. Chloride of barium gives a white crystal- 
line precipitate BaO.I2O6.H2O, nearly insoluble in water and 
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difficultly soluble in dilute nitric acid, but dissolved, with 
decomposition, by hydrochloric acid. Dilute sulphuric 

acid produces a liquid which exhibits the reactions of the 
free aqueous acid. (See § 325.) 

829. Peziodlc add. — ^The hydrate Ifi^.^Hfi forms colourless crys- 
tals, which lose no weight at IOO^ At I30°-I36** it melts, but at the 
same time b^;ins to break up into water, oxygen, and iodic anhydride 
IjOg, which at temperatures below 200° remains undecomposed. The 
anhydride 1,0, cannot be obtained. The acid readily dissolves in 
water, formii^ a solution, which shows all the properties of a strong 
aqueous acid, and to sulphurous or hydruxUc acid behaves exactly like 
one of iodic acid. 

880. Feriodates. — Periodic acid forms a great variety of metallic 
salts, the iquantity I^O^ being capable of uniting with (i, 2, 3, 4, 5) X 
(R',0 or R^O), with formation of definite salts, of which those with less 
than 5 equivalents of base often contain the elements of water in atomic 
combination. The following is a list of the formulae of the best-known 
periodates of potassium, sodium, silver, and barium :— 

(i.) ManobcLsic {^ novaxsX') salts: KIO4; NalO^; AglO^. 

(2.) Dibasic salts l207.2RaO: K4I2O9; K4I2O9.9H2O; 
Na4l209.3H20 ; Agj209.3H20 ; AgJa09.H20; Ba2l209; 
Ba2l209.6H20 j Ba2l209.7H20. 

(3.) PentcLbc^ic salts RfilOg or I2O7.5R2O : Na6l06(1) ; 
AgsIOe] Ba6l20i2. 

831. Action of Heat— The pentabarytic salt Baj,0,, is stable at 
a red heat ; all other periodates are decomposed on ignition, with 
evolution of oxygen. The normal periodates RIO^ of potassium, 
sodium, silver, when kept at 25O**-30O°, 25o°-3oo% 175° respectively, are 
reduced to iodates RIO, which at higher temperatures break up as stated 
in § 326 and § 317. With exception of certain of the salts just named, 
and of the silver salts generally, aU periodates when ignited give off 
iodine (besides oxygen), and some of them leave almost pure oxide (ex. 
the MgO and NiO salts) ; others, a mixture of oxide and iodide (ex. 
the Pb-, Cd-, Cu-, salts). The mercury salts yield metal, iodine and 
oxygen. The ammonium salts are decomposed, with detonation into 
iodine, oxygen, nitrogen and water. Of the basic periodates lO^R '. xR ,0, 
the silver salts are the only ones which after ignitioii leave residues free 
from oxygen. The less basic baryta salts Xesiwe pentabarytic salt ; the 
dibasic potash and soda salts leave residues (of R'I,0 or, at lower 
temperatures, of R'^I^Oj), the constitution of which is little understood. 
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The sodium-compound* Na^I,0, is probably 2NaI+Na,Og ; its solu- 
tion in water behaves to reagents as if it contained the as yet imknown 
salt NaJO.. 

832. Solubility r^latioiis. — Periodates as a rule are sparingly solu- 
ble or insoluble in water but soluble in dilute nitric acid. Even the 
alkaline periodates are not by any means readily soluble. The di- 
sodic salt I,0,.2Na,0+3H,0 (which is obtained as a precipitate 
when chlorine is passed into a mixed solution of iodate and hydrate of 
soda) is almost insoluble in water ; the normal potash salt KIO^ dis- 
solves in no less than 300 parts of cold water. No aqueous periodate 
is neutral to litmus ; the ' normal ' ones exhibit an add, the alkaline 
dibasic ones an alkaline reaction. 

888. ReactioiLB of Bolutions of alkaline periodates. — Dilute stU' 
phuric acid liberates periodic add {vide supra). A suspension in water 
of a dibasic salt, when treated, at a boiling heat, with chlorine, 3delds 
.normal periodate, chlorate, and chloride, f thus : 3K^I,0,+6C1= 
6KIO^+ KC10»+5KCL Iodine, under similar drcumstances, 3delds 
iodate, both with the Na- and the K- salt : Na^IjO, + I,=3NaIO,+ 
Nal. When a solution of normal alkaline periodate is mixed with 
iodide of potassium, iodine separates out as a predpitate, which however, 
on heating, quickly dissolves, with formation of a colourless solution 
oi iodate {znA iodide), in accordance with equation 3KI04 + KI=4KIOs 
(Pkilipp, Jahresb. 1. 1869, p. 224). A solution which, if necessary, 
has been neutralized or slightly acidified with nitric acid, when mixed 
with nitrate of silver, gives a precipitate, which looks brown at first, 
but black after settling, and then consists of I,0y.5Ag,0. This or any 
other basic periodate of silver, when dissolved in nitric acid, yields, 
on evaporation, orange-red crystals of laO^.AgjO, which salt, when 
treated with water, breaks up into IaO,.2Ag,0 and free acid. 

Examination of an Aqueous Solution of Alkaline Salts for 

Halogen Adds, 

834. We assume the solution to be neutral or alkaline to litmus-paper, 
because it is only in this case that certain classes of halogenides can 
co-exist in the same solution. On the other hand, to simplify matters, 
we altogether ignore chlorous ^xA periodic acids, and assume C3ranogen- 
acids, sulphides, thiosulphates, polythionates (as also tungstates and 
certain other rare compounds) to be absent. 

Before attempting an exhaustive analysis, it is advisable 

* The K-compound is not known. 

t Holds chiefly for the K-salt ; the Na-salt is not so readily attadced. 
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first to subject separate small portions of the solution to the 
following tests : — 

335* Acidify with dilute sulphuric acid, and note the 
effect If {d) the liquid becomes yellow or brown, from 
iodine or bromine liberated,, this proves the simultaneous 
presence in the original liquid of either (iodides, bro- 
mides), and certain oxidizing, or of (iodates, bromates) 
and certain reducing agents ; i.e. of combinations such as 
iodate + iodide \ iodide + hypochlorite or nitrite \ bromate 
or iodate and sulphite, etc. etc. If necessary, the liberated 
halogen can be removed by repeated treatment of the 
mixture with successive small doses oi chloroform, and [after 
separation of the latter {ue. of the CHCI3+X2) by means of 
a pipette, and the removal of the adhering aqueous portion 
by means of water] be converted into zinc-salt, and, in this 
form, be analysed according to 5 315* If (^) ^^0 

halogen was liberated (or after removal of the halogen by 
chloroform), test one portion of the solution for (iodic, 
bromic) acid with sulphurous acid ; another for bromic or 
hypochlorous acid with indigo in the cold^ and, in case of 
a negative result, for chloric acid, by cautious addition, to 
the blue liquid, of sulphurous acid ; a third (if necessary) 
with chlorine-water for iodides and bromides. 

(2.) Add nitrate of silver and, if a precipitate is formed, 
excess of nitric acid. If the liquid becomes clear, this at 
once proves the absence of haloids, and of considerable 
quantities of iodates and bromates. 

Supposing now, for the sake of generality, these pre- 
liminary tests had not proved the absence of any of the 
acids under consideration, then an exhaustive analysis may 
be attempted in the following manner : — 

336. To a portion of the neutral or alkaline solution, add a 
slight excess of nitrate of silver in the cold, and next separate 
precipitate (P) and liquid (F) by decantation or filtration. 

The /r^ir^//^/^ contains the whole of the haloid 2Xi^ the 
bulk, in general, of the iodate zx\d bromate; but it may con- 
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tain besides a very great variety of foreign silver-salts. Ot 
these the majority are easily removed by cold dilute nitric 
acid.* Supposing this operation to have been performed, 
and the residue washed, then this residue, even in the most 
complex case, could contain nothing but {a) Ag [CI, Br, I, 
(IO3), (BrO,)] ; {b) AgS, AgNC, AgNCS, and the silver- 
salts of certain complex cyanogen acids. But we have 
supposed these foreign acids {d) to be absent, and con- 
sequently can look upon the precipitate as consisting po- 
tentially of the salts (a) only. In this case a mere examina- 
tion for the elements Br, CI, I is easy. We need only treat 
the precipitate with zinc^ water and sulphuric add^ and 
all the halogen (including what was originally halogenate) 
is obtained ultimately in the form of a solution of haloid 
of zinc, which can be analysed as shown in § 315. The 
separation from one another of the radicles CI, Br, I, (IO3) 
(BrOs) is not so easy. To test for the group AgXOs, dry 
part of the precipitate and heat it in a sublimation-tube : 
the oxygen, from the AgXOj, is readily evolved, and can 
be identified by means of a glowing splinter of wood ; or else 
treat the precipitate with iodide of potassium which dissolves 
the iodate\ at any rate, with formation of a solution, which 
on addition of hydrochloric acid gives free iodine. The 
radicle BrOs is easily tested for by heating the precipitate 
with concentrated sulphuric acid, which decomposes the 
bromate, with evolution of bromine- vapours, while it does not 
decompose the acids contained in the other four salts. 
An actual (qualitative) separation of the two radicles (XO3)' 
from the radicles X' cowld probably be effected by digestion 
of the precipitate in cold solutions of successive small 
quantities of chloride of potassium, which would decompose 
the halogenates (into halogenate of alkali and chloride of 
silver) without attacking the haloids.} 

* The nitric extract may contain chloroTis acid, regarding which see % 319. 
t And no doubt also the bromate ; but this has not yet been proved. 
X The. method, according to a few experiments I have made, seems to work, but J 
cannot say that I have tested it rigorously.— (^. D.) 
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The filtrate F contains all that was present originally of 
oxygen acids of chlorine,* and, in general, traces of iodic and 
bromic adds. To analyse it, add, first, enough of sulphuric 
acid to neutralize the alkali, if present; then excess of sulphur- 
ous acid and more nitrate of silver (if necessary) ; and lastly 
keep the mixture at a gentle heat for some time. The effect is 
that all that part of the halogen which is not perchloric acid 
is converted into, and precipitated as, haloid of silver along 
iinth more or less of sulphite, which however, after decant- 
ing off the mother liquor F', is easily removed by means of 
warm dilute nitric acid. If the haloid of silver is found 
on examination to contain chloride^ the chlorine in it must 
originally have been (CIO)' or (CIO3)'. To examine the 
filtrate F' iox perchlorate^ first expel the excess of sulphurous 
acid by boiling, next remove the excess of silver by means of 
sulphuretted hydrogen, and then, after having expelled the ex- 
cess of this reagent by boiling, test for chlorine^ which is easily 
done by saturating the acids present with pure alkaline car<>> 
bonate, evaporating to dryness, igniting the residue, and^then 
searching for chloride. If a positive result is obtained, this 
indirectly proves the presence, in the liquid F', oi perchlorate, 

A more direct method (which however presupposes the 
absence of potash salts, and does not work with small 
quantities) is — after rembval of the sulphide of silver and 
of the excess of sulphuretted hydrogen — to convert all the 
acids present into a mixture of dry sodium salts^ to treat this 
mixture with absolute alcohol, and from the filtered extract 
to precipitate the perchloric acid by means of an alcoholic 
solution of acetate of potctsh as KCIO4. This salt, of all 
perchlorates, is most easily identified by its properties. 

837. V. Organic Halogenides^ 

from the standpoint of the Analyst, may be classified as follows :— 

I. The hydrocklorateSf hydrobromates, hydriodates of organic bases 
proper^ i,e. bases such as ethylamine, quinine, etc. These substances, 

* See, however, footnote to § 318. 
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as aqueotus solutions, behave to nitrate of silver like ordinary haloids, 
and consequently are easily investigated. 

2. Halogenides of acid radicles^ e,g. chloride of acetyl, phosgen, etc. 
All these, when treated with water, break up into their acids and hydro- 
halogenic acid, which is easily analysed, resp. identified. 

3. Haloids of alcohol-radicles. — ^These haloids are all soluble in 
alcohol, and in many cases the alcoholic solution, when mixed with 
alcoholic nitrate of silver, gives a precipitate containing a part of the 
halogen as haloid of silver. A far more general and thoroughgoing 
method of analysis, however, is to treat the alcoholic solution in a close 
vessel {e.g, in a sealed-up glass tube) with excess of alcoholcUe of 
sodium* at 100°, when, in general, the whole of the halogen is after some 
time eliminated as haloid of sodium, which can be identified or analysed 
in the usual way. 

4. ChlorO', bromO', iodo-substitution products, i.e. halogen compounds, 
not haloids proper. From a comparatively small class of bodies falling 
under this head, the halogen can be extracted by treating them with 
water and sodium amalgam, when the halogen passes into the state of 
haloid of sodium. This applies, for instance, to the bromo-substitution 
products of succinic and of some other acids. But a much more general 
method, which in fact applies to all organic halogen-compounds without 
exception, is to burn the substance in a combustion-tube with caustic 
lime. If matters be arranged so that the volatile products of combus- 
tion cannot escape into the air without first having passed through a 
column of red-hot lime, the whole of the halogen remains in the residue 
(along with more or less charcoal) as normal or basic haloid of calcium. 



338. Disintegration of Halogen- salts insolttble in water, 

1. Of haloids and halogenates insoluble in water, many 
dissolve in dilute nitric acid. If the solution was prepared 
in the cold, it can, in general^ be assumed to contain the 
original halogen-radicles unchanged. If heat has to be 
applied, it is as well to add some nitrate of silver from the 
first, to prevent volatilization of halogen. 

2. Insoluble haloids and oxy-haloids of metals of the 
copper and arsenic groups can, in general, be decomposed by 
being treated with zincy water and a few drops of sulphuric 
acid, when the bases are reduced to the metallic state, while 

* Solution of sodium in absolute alcohol. 
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the halogen passes into solution as zinc salt. Or else, by 
prolonged treatment of a suspension of the finely divided 
compound in water with sulphuretted hydrogen^ when the 
metals are converted into insoluble sulphides, while the 
halogen is eliminated as a solution of hydride. Neither of 
these methods works satisfactorily with 

3. Mercuric iodide^ which, however, according to Meusel 
{Jahresb. f, 1870, page 943), can be decomposed with 
quantitative exactitude, by dissolving it in the least quantity 
of a concentrated solution of thiosulphate ofsoda,^ and then 
adding an excess of sulphide of ammonium; the mercury is 
completely precipitated as sulphide, while the iodine remains 
dissolved as iodide. The filtrate is evaporated with am- 
monia, to expel part of the sulphur, the residue mixed with 
caustic soda, evaporated to dryness, and heated in a 
platinum basin to destroy the polythionates. The ignited 
mass is dissolved in water and distilled with ferric chloride, 
when all the iodine passes over as such. 

4. Insoluble oxy-haloids of the iron, barium, magnesium 
(and copper) groups of metals can, as a rule, be at least par- 
tially decomposed by boiling the finely divided substances 
with aqueous carbonate of potash, and the halogen thus 
be extracted as alkaline haloid. A ^tdtcily complete dtcom- 
position in all these cases (except in that of Hgl2 or Hgl) 
can be effected hy fusion of the substance with excess of 
alkaline carbonate. The fused mass contains the halogen 
as RX, the base as carbonate or oxide or (in case of silver) 
as metal. 

The methods of disintegration given under 2, 3, 4, will as 
a rule work also — more or less satisfactorily — with halo- 
gefuites, but obviously the solutions obtained are in many 
cases available only for the purposes of an ultimate analysis. 
Nobody, of course, would think of searching, say, for iodate 



* The mercurous salt whea thus treated probably breaks up into Hg, and a solu- 
tion of Hgl]. 
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or bromate in a solution which had been treated with sul- 
phuretted hydrogen in presence of free acid, or in a sub- 
stance which had been exposed to a red heat ; but even if 
the halogen-radicles were extracted, say, by boiling with a 
solution of alkaline carbonate, we cannot be too slow in as- 
suming them all to have remained what they originally were. 



II, SULPHUR, SELENIUM, TELLURIUM. 

A. Snlphnr. 

339. \,— 'Free Sulphur^ 

exists in a variety of allotropic modifications, i.e. there are a 
variety of substances which altogether consist of this ele- 
ment Of these the following are the more important : — 

(i.) Octahedral sulphur S« occurs in nature in the shape 
of lemon-yellow, translucent, octahedral crystals belonging 
to the right prismatic system, of the spec. grav. 2 '05. When 
gradually heated it begins to melt at ii4°.S, and at 120° is 
changed into a thin pale-yellow liquid, which, however, now 
consists of 

(2.) Prismatic sulphur S^, which, by allowing the liquid 

to partially solidify, and pouring off the liquid portion, can 

be obtained in isolated manodinic prisms of the spec. grav. 
1*98. 

(3.) Plastic sulphur, Sy. When melted S^ is gradually 
heated further, it becomes more and more viscid, passing 
gradually into S^. At 2oo**-25o- the mass is stiff like treacle; 
at higher temperatures it again becomes more fluid > and if 
now suddenly cooled down (by being poured into cold 
water), it is obtained as a piastic yeUowishbrown mass of 
the si>ec, grav. 1^5 ; #>, as Sy 

S. and S,t are readily soluble in bisulphide of carbon : the 
-^ dis^^olx^ ,n the bisuU^de. S, and S, ifleS to them- 
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selves at the ordinary temperature, gradually pass into the 
condition of Sa. Ordinary * roll-sulphur * and * flowers 

of sulphur ' consist, generally, of a mixture of Sa, S/5, and, if 
recently made, more or less of Sy. The finely divided white 
sulphur (* l<u sulphuris '), which is obtained on decomposing 
an aqueous polysulphide with mineral acid, is soluble — the 
yellow precipitate of sulphur formed in the spontaneous 
decomposition of free thiosulphuric acid is insoluble — in 
bisulphide of carbon. 

Sulphur boUs at 440®, and is converted into an intensely 
orange-yellow vapour of the density S8=96 (H=i). 
All varieties of sulphur are insoluble in water. 

340. Reactions of the substance Sulphur S^ : 

Nitrogen, Gold, Platiniim are the only ordinary elementary substances 
upon which sulphur does not act at any temperature. 

Oxygen. — Sulphur is readily inflammable in air or oxygen. It bums 
with a blue flame into gaseous dioxide SO, ('sulphurous acid'), which, 
in absence of water, does not act upon additional oxygen at any tem- 
perature. 

Hydrogen. — If sulphur- vapour and this gas are heated together they 
undergo partial association into HjS. 

caaorine. — See § 300. 

FbiMvlionui, lM>ron, silicon, each at certain temperatures, act on 
sulphur, and are converted into sulphides. 

Carbon, when heated to redness in sulphur vapour, is converted into 
the bisulphide CS,. 

All ordinary metals (except Au and Ft) unite directly with sulphur, 
many with great avidity. A strip of copper or silver foil, for instance, 
when introduced into sulphur vapour, instantaneously becomes incan- 
descent, and is burned into sulphide. Mercury also readily combines 
with sulphur at comparatively low temperatures. On the other hand, 
aluminium may be cited as an example of a metal which does not act on 
sulphur at any but very high temperatures. Sulphur can be distilled 
over aluminium without acting upon it. 

A^\ft^<^* — Sulphur readily fuses together with certain proportions of 
alkaline carbonates or hydrates. The fused miass (hepar sulphuris) is 
brown, and consists of sulphide or polysulphide, and sulphate, besides 
the excess that may have been used of reagent. Sulphur readily dis- 
solves in boiling solutions of fixed caustic alkalies, also in such of baryta 
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or strontia, and in milk of lime. The solutions contain sulphide, or poly- 
sulphide, and thiostUphate. Generally some sulphate is produced at the 
same time. 

LLquld OTlrtiglng agents. — When sulphur is heated in strong nitric 
acid^ or in strong hydrochloric acid with gradual addition of chlorate of 
potctsht it is gradually oxidized into, and dissolved as, sulphuric acid* 

General Reactions of the Element, 

341. Any sulphur componnd, when kept at a red heat 
with excess of a mixture of carbonate (or hydrate) and nitrate 
of fixed alkali^ is changed so, that the whole of the sulphur 
is ultimately obtained as alkaline sulphate^ R2SO4. The 
nitrate in this reaction may be replaced by any of a certain 
class of oxidants, e.g,hy alkaline chlorate or chromate. If, 
instead of such oxidizing agents, certain reducing agents 
(e,g, charcoal or carburetted hydrogens) are made to act 
conjointly with the basic alkali^ the sulphur is, partly at 
least, converted into alkaline sulphide R2S. Upon these 
facts are founded two general methods of sulphur-detection, 
which, with non-volatile solids, may assume the following 
forms : — 

342. Method of oxidation. — Reduce the substance to a fine 
powder, mix it with 10-15 times its weight of carbonate of 
soda^ and then incorporate with the mixture as much of 
nitre as will presumably suffice for a complete oxidation.* 
Now, first of all, make sure of the mixture not being ex- 
plosive^ by heating a very small portion of it on a piece of 
platinum foil and watching the effect. If the sample burns 
off with explosive violence, add to the rest enough of 
chloride or carbonate of sodium to moderate the reaction. 
Project the mixtiure, small quantities at a time, into a red- 
hot crucible, and ultimately maintain a red heat, until the 
oxidation is completed. The fused mass is exhausted with 
water, and, after filtration and supersaturation with hydro- 
chloric acid, the sulphuric acid precipitated with chloride 
of barium^ as BaS04. (See § 360.) 

* One part otpure sulphur requires about seven parts of nitre. 
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343. Method of reduction. — Mix a small quantity of the 
substance with carbonate of soda, and heat the mixture on 
charcoal in the reducing flame until the flux has crept into 
the charcoal. Now break out those parts of the latter which 
are impregnated with the flux, place them on a polished 
surface of silver (a silver coin for instance), and soak it in 
water. The sulphide dissolves and acts on the silver, with 
formation of a black stain of Ag2S. 



344. II. — Sulphur cuids. 

The following is a list of the hydrogen-salts and an- 
hydrides of all known sulphur acids : — 



- 


Fonnula of 


Acid 


Anhydride. 


(i.) Monothionic acids, 

Sulphhydric acid . ... 
Hydrosulphurous acid . . 
Sulphurous „ . . 
Sulphuric „ . . 

(2.) Dithionic acids, 

Thiosulphuric acid . . . 
Hyposulphuric ,, ... 

(3.) Polythionic acids. 

Trithionic acid .... 
Tetrathionic „ .... 
Pentathionic „ .... 


♦H2S 
H2SO2 
H2SOS 

♦H,S04 

H2S2O8 
♦(HaSjOe) 

HjSsOe 

♦(H2S40«) 

•(HaSfiOe) 


• • ■ 

SO 
♦S02 

♦so, 
S202 

SjOb 

SsOs 
S4O5 
S5O5 



Note, — Of these fonnula, only those marked with asterisks ♦ represent 
kndwn chemical species ; those in brackets, however, are known only as 
aqueous solutions. 

All these acids, with exception of hydrosulphurous, are 
decidedly dibc^ic, 

345. Snlphhydric acid H2S (sulphuretted hydrogen) is a 
colourless gas of 1*178 spec. grav. (air=i), endowed 
with an intense characteristic odour. (Rotten eggs smell 

N 




1 94 N on- Metallic Elements. 

of HaS.) It is absorbed by water, and, more readily, by 
alcohol ; by both the more largely the lower the temperature. 
One gramme of water, when shaken, at 15°, and under 
760 mm. pressure, with excess of pure sulphuretted hydrogen, 
dissolves 4*91 mgr. of the gas = 3*23 cc. at 0° and 760 mm.* 
The dissolved gas is easily expelled by boiling, and displaced 
by absorptiometric exchange for any other gas ; hence even 
dilute solutions exhibit a comparatively strong smell. If 
the solution is exposed to the air the dissolved gas is slowly 
oxidized with formation of a precipitate of sulphur. 
Sulphuretted hydrogen, when passed through a red-hot glass 
tube, undergoes dissociation into hydrogen and sulphur^ 
which latter forms a deposit in the tube. When passed 
over red-hot copper (or any other of a large class of metals, 
of which, however, copper works best as a reagent for the 
purpose), it is readily reduced to hydrogen, with formation 
of metallic sulphide. The gas is readily inflammable ; it 
bums with a blue flame into sulphurous acid and water. 
A porcelain plate held in the flame gets covered with a deposit 
of sulphur. If this experiment is tried with' a flame of 
hydrogen contaminated with a trace of the sulphide, no 
sulphur can be collected, but the flame, where it strikes the 
porcelain, exhibits a characteristic blue colour. This is a 
most delicate test. The reactions of sulphhydric acid and 
of its solution may be supposed to be known to the student ; 
suffice it to state that small quantities of the gas, when given 
as an admixture in another gas, e,g, air, are best detected by 
its smell, and by its tarnishing action on metalhc silver or on 
a strip of paper moistened with a solution of acetate of lead 
or of sulphate of copper. Silver or mercury salts are not so 
well ad^ted for the purpose, because they are blackened 
also by other gases than HgS ; silver salts, for instance, by 
AsHs, SbHs, PH3. 



* Hence 6'9a cc. contain H2S=34 mgr. and suffice to precipitate Pb=207 mgr. of 
lead, etc. etc No ordinary sulphuretted hydrogen water will ever quite come up 
to this standard. 
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Metallic snlphides may all be looked upon as salts of 
sulphuretted hydrogen, or as compounds of such salts with 
more sulphur ; i,e, as being n(H2S)— mH+mR'+Sx, where 
ni=2n. 

346. Snlphidesof the metals of the potassiimi and barinm 
groups can be formed (i.) by direct synthesis from the ele- 
ments ; (2.) by reducing the sulphates, at high temperatures, 
by means of hydrogen or carbon ; (3.) by boiling the solutions 
of the hydrates in water with sulphiu: ; (4.) by treating such 
solutions with sulphuretted hydrogen ; — ^and in a variety of 
other ways. If operation (4.) is applied to aqueous caustic 
potash^ soda, or ammonia, the hydrate in each case is next 
converted into R2S, which, by an excess of the gas, is trans- 
formed into sulph-hydrate RHS. All these sulphides are 
soluble in water, the alkaline sulphides very readily. The 
colourless solutions are strongly alkaline to test-paper, and 
when mixed with any decided acid are readily decomposed, 
with elimination of sulphuretted hydrogen. Even carbonic 
acid decomposes them (partially) with formation of car- 
bonate. If the solutions are exposed to the air, they 
slowly absorb oxygen, and assume a yellow colour, in con- 
sequence of the formation of di- or poly-sulphides (Ex.- 
2K2S-fO=K20-f K2S2). The solutions (of RgS and RHS) 
dissolve sulphur, with formation of polysulphide R2S.SX 
(where x is always < 4), and, in case of RHS, evolution of 
sulphuretted hydrogen. Such a polysulphide solution, when 
exposed to the air, gradually loses its colour in consequence 
of absorption of oxygen and conversion of the sulphide into 
thiosulphate, or thiosulphate and sulphur. The solutions of 
R2S or RHS of potassium, sodium (and ammonium), readily 
dissolve precipitates of AS2S3, AS2S5, Sb2S8, Sb2S5 ; the 
sulphides K2S and Na2S dissolve also mercuric sulphide; 
alkaline polysulphides generally dissolve all the sulphides 
of the arsenic group, including those of gold, platinum, 
molybdenum, and tungsten. The solutions of all these 
thio-salts, when mixed with excess of hydrochloric acid^ ^x^ 



i 
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completely decomposed, with precipitation of the acid sul- 
phide and of the excess of sulphur that may be present, and 
evolution of sulphuretted hydrogen. The chief points 

of difference between the alkaline sulphides and the barium- 
group sulphides are, that the latter are less easily soluble 
in water (CaS is almost insoluble), and that their solu- 
tions possess less stability, being prone to decompose with 
formation of hydrates or oxysulphides. 

Aqueous solutions of the class of sulphides and of the 
thio-salts just considered, are recognised by their strong 
alkaline reaction on litmus or turmeric, by their behaviour 
to acids, and by their readily attacking metallic silver^ with 
formation of the black sulphide Ag2S. Solutions of 

alkaline sulphides, when mixed with nitroprusside of sodium^ 
assume a beautiful and very intense purple colour, which, 
however, does not come out in presence of caustic alkali. 
An aqueous solution of sulphuretted hydrogen does not 
exhibit this reaction. 

347. Sulphides of xnagnesiam, almninium, chrominm, can 
be produced in the dry way ; but all these compounds, when 
treated with water, are decomposed with formation of hy- 
drates and sulphuretted hydrogen, 

348. * Heavy-metallic' suljihides; ix. sulphides of the 
metals of the arsenic and copper groups, and of iron, nickel, 
cobalt, zinc, manganese. Each of these metals forms, in 
general, a series of sulphides, which, as a rule, besides those 
particular sulphides which correspond to the basic oxides of 
the metal, includes a number of lower and higher terms, of 
which the corresponding oxides, in many cases, are not 
known. Besides these simple sulphides, there is a great 
variety of complex ones, formed by the simultaneous union • 
of sulphur with two or more heavy metals. The large 
classes of minerals known by the generic names oi pyrites, 
blendes, fahlores, and many of the so-called glances,^ are 
simple or complex heavy-metallic sulphides. Of the various 

* Some of these are arsenides. 
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methods by which heavy-metallic sulphides may be pro- 
duced, the following are the most important : — (i.) Precipi- 
tation of solutions of haloids or oxygen salts of the metals 
by sulphuretted hydrogen or alkaline sulphides. (2.) Com- 
bustion of the metals in sulphur-vapour or exposure of a 
mixture of metal and sulphur to a high temperature. 
(3.) Ignition of the metals or metallic oxides in sulphur- 
etted hydrogen. (4.) Reduction of the sulphates or of higher 
sulphides in hydrogen at high temperatures. (5.) Fusion 
of the metals or oxides with ready-made alkaline poly- 
sulphide or with a mixture of alkaline carbonate and sul- 
phur. This operation results, in general, in the formation 
of alkaline thio-salts, of which, however, only those of the 
arsenic-group metals are soluble in water without decom- 
position. It is worth stating that even gold and platinum 
can be sulphurized in this manner. The precipitated 

sulphides are generally amorphous, and in some cases con- 
tain chemically combined water. Those resulting from 
dry-way operations and the native sulphides are anhydrous, 
and, as a rule, more or less distinctly crystalline and en- 
dowed with a metallic lustre. 

349. All heavy-metallic sulphides^ when heated in a 
draught-tube, give off sulphurous add, and yield residues, 
or sublimates, of oxides, oxysulphides or — in case of silver, 
gold, platinum, mercury — of metals. When fused with 
alkaline carbonate or slightly hydrated caustic alkali, they 
generally give up part of their sulphur to the alkali, with 
formation of alkaline sulphide. This distinguishes them 
Irom the sulphates, which, under these circumstances, 
yield hepars only mpresence of reducing agents. Heavy- 

• rpetallic sulphides when kept at a red heat in dry hydrogen, 
behave differently : the compounds ZnS, MnS, FeS, CU2S 
(and substantially also Ni2S), remain unchanged. Higher 
sulphides of the same metals are reduced to these particular 
sulphides. The sulphides of lead and cobalt leave 
residues of variable composition. The sulphides oC (s^oVd^ 
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platinum)* silver, bismuth, antimony, are reduced to metals, 
which remain as non-volatile or (in case of Sb) difficultly 
volatile regulL The sulphides of cadmium and mercury 
are volatilized, the former slowly, the latter readily, with 
at least partial reduction to the metallic state. When 

exposed to a current of dry chlorine they are all readily and 
completely decomposed, some at the ordinary temperature, 
others on application of heat, with formation of metallic 
chlorides and chlorides of sulphur. (Comp. § 302.) 

350. Behaviour to mineral acids, — ^The sulphides of 
antimony, tin, lead, bismuth, cadmium, manganese, zinc, 
iron, when given in a sufficiently fine state of division, can 
gaierally be decomposed by means of boiling strong (or 
even dilute) hydrochloric acid^ with evolution of sulphmretted 
hydrogen and formation of solutions of chlorides. There 
are however some exceptions ; thus, for instance, the iron- 
sulphide FeS2 (pyrites) is not attacked by hydrochloric acid 
at all. The sulphides of the metals not included in the 
above list, are either not at all, or only very slowly, attacked 
by hydrochloric acid, and non-oxidizing acids generally. Any 
of the sulphides under consideration (with exception only of 
those of gold and platinum) are readily disintegrated by 
means of hot concentrated nitric acidy with formation of 
products which are the same as if the first efifect of the acid 
consisted in the elimination of the sulphur as such, and in 
the conversion of the metals into oxides. Hence in the 
case of antimony or tin^ the metal separates out as an in- 
soluble oxide ; lead is partially converted into (insoluble) 
sulphate, the rest into (soluble) nitrate ; any of the rest of 
the metals are dissolved, mainly as nitrates. All these 
decompositions may be effected with an acid of 1*4 spec 
gravity ; but as the boiling point of such an acid lies above 
the melting point of sulphur, its action often stops short of 
a complete disintegration in consequence of some of the 



* These two can be reduced by the effect of heat alone. 
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undecomposed sulphide being wrapped up in a coating of 
semi-fluid sulphur. This difficulty can be evaded by using 
strong fuming acid of i '5 spec gravity, which boils at 86°, 
i,e, far below the melting point of sulphur. By the 

combined action, in the heat, of strong hydrochloric acid zxx^ 
chlorate of potc^h (or by means of aqua regia), all heavy- 
metallic sulphides are decomposed and, in general, dis- 
solved as chlorides. 

851. HydTOSUliihiirouB add H-(SO)-OH. — It had been known 
for a long time that metallic zinc dissolves in cold aqueous sulphurous 
add without gas evolution, but the true rationale of this reaction was 
only lately discovered by SchiUzenberger, who found it to consist in the 
formation of sulphite of zinc and free hydrosulphurous acidf according 
to the equation 2SO,-|-Zn-|-H,0 = ZnSO.-l-H.SO,. The acid is 
known only as a constituent of this solution ; of its salts the sodium 
compound NaHSO, only has been as yet obtained for itself. Both the 
hydrogen and the sodium salt are distinguished by the enormous avidity 
with which their solutions absorb atmospheric oxygen to pass into the 
corresponding sulphites. This must be borne in mind in carrying out 
the following process given by Schiitzenberger for the preparation of 
the sodium salt : — 

Charge a flask with as much of granulated zinc as it will hold, then 
pour in enough of a concentrated solution of bisulphite of soda to cover 
the metal, close the flask with a good cork, and keep it in a cold water 
bath for about half-an-hour. A part of the zinc dissolves with formation 
of NaHSO,, and of a double sulphite of zinc and sodium, of which 
latter salt a considerable portion crystallizes out. To remove the rest, 
run the liquid into three times its volume of strong alcohol, and allow 
to stand until the double sulphite has separated out as a precipitate, 
while the bulk of the hydrosulphite is still in solution. Then decant 
into botdes provided with good stoppers. The salt NaHSOj will 
gradually separate out in the form of a felt-like mass of thin colourless 
needles, which must be rapidly strained oflf and pressed between layers 
of bibulous paper. The salt may be purified by being dissolved in a 
little water, and reprecipitated with alcohol. It must be dried in vacuo 
or in an atmosphere of dry hydrogen. The dry salt Na-(SO)-OH is 
stable in air, but when moist or dissolved in water it rapidly absorbs 
oxygen with considerable evolution of heat. A solution of thtfree acid, 
or an acidified solution of the soda salt, when added to one of sulphate 
of copper, at once precipitates a mixture of copper and hydride of 
copper ; from solutions of mercury or silver salts it preci!^vtA.tAs ^!cv^ 
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respective metals. It readily decolourizes indigo and litmus solutions by 
deoxidation^ the bleached liquids r^^ining their colours on exposure to air* 

352. Sulphurous add. — The anhydride SO2 is a colourless 
gas of 2 '2 1 spec. grav. (air=i), possessing a peculiar pene- 
trating smell, and being condensible into a colourless liquid, 
which, under 760 mm. pressure, boils at — 10°. The gas is 
largely absorbed by water. One gramme of water when 
shaken at 15° and 760° mm. (total) pressure, with excess of 
pure * sulphurous acid,' dissolves 0-1353 grms. of the gas= 
47 '3 cc. at 0° and 760 mm. — (Schonfeld.) At — 6° a saturated 
solution deposits the crystalline hydrate SO2.9H2O. — {Pierre.) 
Dbpping^ under somewhat different circumstances, obtained 
crystals of the composition SOa.HgO. Both hydrates are 
very unstable. The aqueous solution, when subjected to 
the action of a current of any other gas, or when boiled, 
loses its dissolved gas. Towards test-papers and bases it 
behaves as if it contained the dibasic acid H2SO3. 

353. Sulphites. — ^The normal and acid sulphites of the 
metals of the potassium group are easily soluble in water ; 
of the rest of metallic sulphites, the normal ones are mostly 
sparingly soluble or insoluble in water, but, as a rule, more 
readily soluble, as acid salts, in aqueous sulphurous acid. 
The least soluble of all sulphites is the lead salt PbSOa, 
which is less soluble in pure water than even the sulphate, 
but slightly soluble in aqueous sulphurous acid. — {Gregory,) 

354. Reactions of Aqueous Sulphurous Acid. 

The aqueous acid, when exposed to the air, always loses 
a part of the dissolved dioxide by absorptiometric exchange 
for air (hence its smell), but of the rest, a part undergoes 
gradual oxidation into sulphuric acid. The same transfor- 
mation can be effected more readily and completely by means 
of certain oxidizing agents; thus, for instance : (i.) A solu- 
tion oi iodine m aqueous iodide of potassium, when dropped 
into one of sulphurous acid, is instantly decolourized. The 
reaction H2S08+l2+H20=H2S04+2HI, however, goes to 
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the end only, if there is no less than about 3000 parts of 
water for every one of SOj present. (2.) Chlorine 

{bromine), even in concentrated solutions, readily converts 
sulphurous into sulphuric acid. (3.) A (purple) solu- 

tion of permanganate of potash, when added to one of sul- 
phurous acid, is decolourized, with formation of manganous 
and potassic sulphates. (4.) Terchloride of gold, by the 

action of sulphurous acid, is gradually reduced to metal. 
This reaction is accelerated by heating ; the ones previously 
given go on readily enough in the cold. (5.) Hot 

nitric add converts sulphurous into sulphuric acid. 

355. Aqueous Solutions of Sulphites 

when mixed with hydrochloric acid behave to the re- 
agents named like such of the free acid in water. Tests 
(i.) and (2.) apply to neutral sulphites as well as to the 
acid, or rather better, inasmuch as the oxidations proceed 
more rapidly. In the case of iodine the oxidation is com- 
plete even in concentrated solutions, if there is enough of 
alkali present (as sulphite or carbonate) to saturate the 
who.le of the acids formed in the process. From neutral 
solutions of sulphites {\^ chloride oi barium precipitates the 
white sulphite BaSOa, which is insoluble in water but readily 
soluble in dilute hydrochloric acid. If the solution is ex- 
posed to the air, it soon becomes turbid from sulphate of 
baryta ; the same change can be effected instantaneously 
by means of any of the oxidizing agents named in § 354. 
(2.) Nitrate of silver gives a white crystalline precipitate, 
Ag2S0j, insoluble in water and somewhat slowly soluble in 
cold, but readily soluble in hot, dilute nitric acid. 

356. Sulphurous acid as oxidizing agent, — A solution 
of a sulphite when added to an excess of hydrochloric acid 
which is being decomposed by metallic zinc, is reduced, with 
formation of sulphuretted hydrogen. (Comp. § 345)* A 
mixed solution oi phosphorous and sulphurous acids, when 
heated, deposits sulphur, with formation of phosphoric acid. 
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Sulphuric Add. 

357. The anhydride SO3 forms white crystals of the ap- 
pearance of asbestos. There are two modifications, one 
fusible at about 18°, and another which fuses only at about 
100°. Either is readily volatilized at temperatures below 
100°. The vapours, when brought in contact with moist 
air, form dense white clouds of hydrate. The anhydride is 
soluble in almost all proportions in the real acid ; the solu- 
tion when exposed to the air emits fumes of SO3. * Nord- 
kausen sulphuric acid^ substantially consists of such a 
solution. Sulphuric anhydride acts most energetically on 
water, with formation of the real acid, or of higher hydrates, 
and evolution of much heat. At a red heat it breaks 
up into dioxide and oxygen, which, on cooling, do not 
re-combine. 

-358. The real acidH^SO^ exists, strictly speaking, only as 
a solid, which may be obtained in the form of crystals when 
liquid acid of exactly or nearly the composition H2O+SO3 
is exposed to a temperature below 0°. Sometimes how- 
ever the acid will not solidify even at the lowest temperatures. 
The crystals, when once formed, melt at 10® '3 into a colour- 
less oily liquid of the spec, gravity i'84o at 15° (water of 
15°= i), which of course has the composition H2O.SO3, 
but cannot be assumed to consist altogether of H2SO4, as, 
on the application of the gentlest heat, it at once gives off 
fumes of SO3. When boiled down in a retort, it behaves 
exactly as if it was a solution of SO3 in a large excess of a 
stable hydrate 112804+1^^20, boiling without change of 
composition (but with very considerable dissociation into 
SO3 and H2O) at 338°. The acid eagerly combines with 
water, with evolution of much heat and formation of a liquid 
mixture of higher hydrates. Of these, H2SO4.H2O can be 
obtained in crystals, which melt at 8° -5. According to 
Pfautidler^ the quantities of heat evolved in the conversion 
oi one gramme of liquid H2SO4 into liquid 
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H2SO4.H2O H2SO4.2H2O H2SO4.3H2O H2SO4.120H2O 

= 69*7 103*4 118-9 181 -2* 

thermal units. Sulphuric acid, on account of its great 
avidity for water, is much used for the dehydration of such 
liquids or gases as are not affected by it chemically ; but 
obviously, for gases at least, the hydrate H2S04.YffHaO 
is the proper preparation to use. Sulphuric acid readily 
dehydrates not only hydrates properly so called, but even 
many of those substances which contain water only poten- 
tially. The so-called carbo-hydrates (amylum, sugars, etc.), 
for instance, by the action of the acid, are decomposed, with 
formation of (black) charcoal. This property is exhibited even 
by an acid which contains somewhat more than 1H2O for 
iSOa.t More highly hydrated acid, when evaporated in a 
water-bath, ultimately attains the strength of H2SO4.2H2O 
(about) j the residue when boiled down loses pure vapour 
of water until it has attained a certain strength which corre- 
sponds approximately to H2S04-f H2O; on further concentra- 
tion the vapours become more and more strongly acid, until 
at last they have the same composition H2S04.yjH20 as 
the residue. 

Action on metals. — Of ordinary metals, gold and 
platinum are the only ones which are not attacked at any 
temperature by sulphuric acid of any concentration ; all the 
rest, when treated with concentrated acid at the requisite 
temperatures, are converted into sulphates with evolution of 
sulphurous acid. Dilute sulphuric acid 

It -converts into sulphates, with evolu- 
tion of hydrogen — 

Fe, Al, Mn, Zn, Mg, 



Does fu>t act on — 



Au, Pt, Ag, Hg, Pb, 
even in presence of air. 



Cu, Bi, Sb, 
in absence of air. 



Cd, Ni, Co, 

(slowly) 



(readily). 



359. Metallic sulphates. — Sulphuric acid, in opposition 

* Maximum amount of heat obtainable. An acid of about the composition 
HSSO4.3HJ1O (spec. gr. =1*551, at 15") may conveniently serve as a stock for pre- 
paring more largely diluted acids. 

t Hereupon is founded an excellent method for the detection of free sulphuric acid 
in vinegar : Dissolve in the suspected vinegar a small quantity of cane-sugar, and 
evaporate as far as possible in a water bath. If HsS04 was present, the residue 
is black. 
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to the bases R'20 and R"0, and wet-way reactions at least, 
is the strongest of known acids. With the bases R2O of the 
potassium group, it is capable of forming three series of salts, 
viz. normal salts R2SO4, acid salts proper RHSO4, and an- 
hydro-sulphates R2SO4.SO3. Withtheoxides of divalent metals 
it readily unites into normal sulphates R"S04, which are 
not capable of combining with H2SO4 or SO3. Lithia and 
oxide of silver behave to sulphuric acid like oxides of divalent 
metals. The oxides R2O3 of iron, aluminium, etc., form a 
variety of sulphates besides the normal salts R2(S04)3. The 
normal sulphates of the metals of the potassium and barium 
groups and of lead are stable at even a bright red heat. 
The acid salts R'HS04 and R'2S04.S03, at this temperature, 
lose their excess of acid The sulphates R"S04 of zinc, 
magnesium, copper, cadmium, nickel, cobalt, and manganese, 
stand a dull red heat without decomposition ; at consider- 
ably higher temperatures they are decomposed, with elimina- 
tion of SOa or (SO2+O) or both. 

The sulphates of the sesguioxides are readily decomposed 
by ignition into oxide and more or less largely dissociated 
vapour of acid. The ferrous salt, when exposed to a bright 
red heat, is reduced ultimately to the oxide Fe203, according 
to equations 2FeS04 = S02+ {Fe203.S03 = Fe203 + S08}. 
Metallic sulphates as a class, are crystalline salts, soluble 
in water. Of insoluble or sparingly soluble normal sul- 
phates, the following are the most important : Sulphate 
of baryta, which is practically insoluble in water and dilute 
acids generally ; the sulphates of strontia and lead, which 
are almost insoluble in water, but (the Sr-salt sparingly, 
the Pb-salt more readily) soluble in hydrochloric acid ; the 
sulphates of lime CaS04.2H20, and of mercurosum 
Hg2S04, which dissolve in about 500 parts of cold water 
(the lime salt is readily soluble in hydrochloric acid) \ 
sulphate of silver Ag2S04, which requires 200 parts of cold 
water for solution. The normal sulphates of bismuth 
(Bi203.3S03) and of mercuricum (HgOSOg) are decomposed 
by water, with formation oi \xvso\\\\A^ ba.sic salts. There 
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is a large number of insoluble basic sulphates of di- and 
poly-atomic metals, which however are mostly soluble in 
hydrochloric acid. Most sulphates are insoluble in absolute 
and very sparingly soluble, if at all, in ordinary alcohol. 
The hydric sulphates HRO4 of potash and soda are decom- 
posed by alcohol into normal salt and free acid. 

360. Reaction of Solutiom of Sulphates. 

Chloride of barium ^wts a white powdery precipitate of 
sulphate of baryta, insoluble in water and in all ordinary salt 
solutions, and as good as insoluble in dilute acids (comp. § 
216). The reaction, though in general very delicate, may 
fail in presence of a certain class of salts (including chloride 
of magnesium, nitrate of ammonia, and the metaphosphates 
of the alkalies) which, having the power of dissolving sulphate 
of baryta more or less largely, may prevent its separation. 
The precipitate has a great tendency to * carry down ' 
certain soluble salts, e,g, the nitrates of baryta and soda, 
by 'surface attraction,' and consequently when formed 
within a complex solution of salts is liable to be impure. 
Both these sources of error do not make themselves felt to 
anything like the same extent in the precipitation of barium 
by an excess of sulphuric acid. 

This is the most delicate and characteristic test for 
sulphuric acid. The only substances which, in its applica- 
tion, might possibly be mistaken for sulphate of baryta, 
are the fluosilicate BaSiFe, and the selenate BaSeOi. Of 
these the former can be distinguished from the sulphate 
by its not yielding a * hepar ' when fused on charcoal with 
carbonate of soda in the reducing blowpipe-flame (comp. 
§ 343). Regarding the discrimination of the selenate, see 
the chapter on Selenium, 

361. HypoBulphuric acid H2S2O6 (Syn. Dithionic acid). 

A solution of the manganese salt of this acid is formed by the action, 
in the cold^ of aqueous sulphurous acid on finely divided binoxide of 
manganese ; thus, Mn02+2S02=MnS206. A part of the SO2 — 
which however is the less the lower the temperature^is alYf%.^^Q^\!^\ii^\ 
into sulphate : MnQ}-/- SOg^MnSOi. 
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The/r^ acid H2S20« is known only as an aqueous solu- 
tion, which, by evaporation at a gentle heat, or, what is 
better, by prolonged exposure to an atmosphere kept dry by 
means of oil of vitriol, can be brought up, undecomposed, 
to a specific gravity of 1*35 (about). On further concentra- 
tion it gradually breaks up into sulphuric and sulphurous 
acids. More dilute solutions are decomposed similarly on 
boiling ; but as long as there is a sufficiency of water 
present, a complete decomposition of the acid can probably 
not be efifected by this operation. Of all di- and poly- 
thionic acids, in fact, hyposulphuric is the one which opposes 
the highest degree of stability to the influence of heat or 
chemical agents. In aqueous solutions (whether acid or 
alkaline) it is not acted on, in the cold, by sulphuretted 
hydrogen^ chlorine^ bromine^ iodine^ permanganic acid^ or 
chromic acid ; and, even when treated in the heat with 
chlorine, or hydrochloric acid and chlorate ofpotashy it is only 
very slowly oxidized into sulphuric acid. It is questionable 
whether the acid can be completely oxidized otherwise than 
hy fusion of its salts with nitre and alkaline carbonate or 
equivalent oxidants. Metallic hypo6ulphate& — H)rpo- 

sulphuric acid, although by theory dibasic, does not seem 
to be capable of forming acid salts R'HS20« with mono- 
valent metals. The normal salts are all soluble in water. 
On ignition they are all decomposed according to the equa- 
tion R"'S206=S02+R''S04, where R''= Kg, Na2,Ba, etc. The 
sulphate, if stable at the temperature, remains as a residue. 

Solutions of hyposulphates, as such, are not precipitated 
by any known reagent. When mixed with hydrochloric 
acid, they exhibit the reactions of the free acid. When 
boiled with mercury-, silver-, or lead-salts, they do not, like 
thiosulphates, yield precipitates of heavy-metallic sulphides. 

361 a. Dilute solutions of h)rposulphates, or sulphates, are 
not affected by the action of nascent hydrogen (Zn-f xHCl) 
in the cold. In the heat, or from concentrated solutions 
generally, a part of the sulphur is eliminated as H2S. 
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362. Thiosiilphiiric (formerly called * hyposuiphuraiis*) 
^The anhydride S2O8 is not known. The add 
HjSjOs ^ known, but only in the form of highly unstable 
aqueous solutions. When a cold dilute solution of a thio- 
sulphate is mixed with hydrochloric or dilute sulphuric acid, 
the mixture remains clear for some time, but, on standing, 
the acid soon breaks up into sulphur, which separates out as 
a yellow precipitate (see § 339) and sulphurous acid. The 
decomposition sets in immediately on boiling. The hypo- 
sulphites R'2S208 of the alkali-metals can be formed (i.) by 
the action of sulphur on solutions of the respective sulphites 
(Ex.: Na2S0s+ S=Na2S203); (2.) by the action of sul- 
phurous acid on solutions of the sulphides or polysulphides 
(Ex.: 2Na2S-f 3S02=2Na2S203+S) ; (3.) by the action of 
atmospheric oxygen on the solutions of the polysulphides 
(Ex.: Na2S5+03=Na2S203+S3), and in other way§. 
All hyposulphites are decomposed when heated for them- 
selves, with formation of sulphates and sulphides ; some of 
them give ofif SO2 or sulphur vapour, or both, at the same 
time (Ex. : 4K2S2O3 = 3K2SO4 + K2S5). Thiosulphuric 
acid, when given as an aqueous solution of the hydrogen, 
or of an alkaline or alkaline-earth salt, is readily oxidized 
into sulphate by the action of chlorine, bromine, perman- 
ganic acid, and other oxidizing agents. Neutral solu- 
tions, or solutions acidified with hydrochloric acid, of the 
thiosulphates of the metals of the potassium, barium, and 
magnesium groups, readily decolourize iodine solution, like 
sulphites, but the product of oxidation in all cases is a 
tetrathionate S4O6R2, not a sulphate, as in case of a sulphite. 
If a solution of a mercury-, silver-, or lead-salt is added 
to a neutral thiosulphate-solution, the thiosulphates of these 
metals are at first formed and precipitated ; but the precipi- 
tates very soon, and on boiling immediately, suffer decom- 
position, with formation of the respective sulphides, which 
are easily recognised by their black colour (Ex. : Ag2S20s 
-|-xH20=Ag2S-f SO3.XH2O). Alkaline thiosulphates hav^ 
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the power of dissolving haloid of silver^ with formation of 
soluble double salts (Ex. AgCl + Na2S203.H20=NaCl+ 
AgNaS203.H20). From such solutions the silver cannot 
be precipitated by means of alkaline^ chlorides, but it can be 
precipitated completely (as Ag2S) by means of sulphide of 
ammonium, and also by boiling the solution with a large 
excess of hydrochloric acid, until all the thiosulphuric acid is 
decomposed, when the silver is obtained, ultimately, as a 
mixed precipitate of haloid and sulphide. 

363. Poly thionic Acids. 

HaSsOst HSS4O6, H3S5O6. 

Trithionk acid. — This acid is known only in the form of the potash 
salt KfSsOg, which can be obtained : (i.) By digesting a solution of the 
acid sulphite with sulphur, 6KHS08+Ss=2KaS806 + K2SaOs-h3H20. 
(2. ) By treating a concentrated solution, in 8% alcohol, of the neutral 
thiosulphate with sulphurous acid, 2K2Si08+3S02=2KsS806 + S. 
(3.) By the action of the acid sulphite on the neutral thiosulphate. 
A mixed solution of the two salts, when allowed to evaporate, 
deposits crystals of trithionate, which, however, seems to be formed 
only at the moment ofcr)rstallization, 6KHS08 + K2S208=2K^S30g + 
2K2S08+3HlO (?) 

Tetrathionates are formed by the action of iodine on solutions of 
the thiosulphates of Kl, Na, Ba, H, etc. (Ex.: 2Na,S208 + l2=2NaI + 
Na,S408). 

Pentathionic acid H2S6O6 is formed by the action upon one another 
of water, sulphurous acid, and sulphuretted hydrogen : xAq+ {5HtS + 
5S02=HjS506+5S + 4H20. } 

864. PolythionateSy as a class, are highly unstable compounds. The 
hydrogen salts are known only as aqueous solutions, which, when con- 
centrated by evaporation in the heat, break up (trithionic acid almost 
immediately, the other two after having passed certain degrees of con- 
centration), with precipitation of sulphur, and formation of sulphuric 
and sulphurous acids. Their silver and mercury salts, as produced 
ephemerally by addition of solutions of salts of these metals to solutions 
of alkaline polythionates, are readily decomposed, especially on heating, 
with formation of precipitates of sulphides. Hence it appears that the 
polythionic acids, while widely differing from sulphuric, sulphurous, 
and hyposulphuric, are not unlike the thiosulphuric acid, from which, 
however, they differ by the great • instability of their alkaline salts. 
Polythionates, like sulphites and thiosulphates, ar^ readily ^^i^/so^ in 
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acid^ and more easily still in alkaline solutions, by means of chlorine^ 
bromine^ or permanganate ofpotash^ with conversion of the whole of their 
sulphur * into sulphate. These oxidations go on in the cold, which dis- 
tinguishes the acids from h3rposulphuric acid, which by these agents is 
attacked only in the heat 

The following table — which supposes the several acids to be given as 
solutions of their potash or soda salts — affords data for the discrimina- 
tion of the polythionic acids and of thiosulphuric acid. Given solutions 
of, respectively — 



R,S,0, 



R,S,0, 



R,S40, 



R,S«0, 



— Then (i.) these solutions when mixed with lUTdTOClllorlC add are decom- 
posed with elimination of HsSsOy* which when concentrated by evaporation 
m the heat, breaks up— 



At once. 



As soon as a certain degree of con- 
centration is passed. 



with formation of tul/Aur, sulphurous acid, and 

Nothing else. I <s Sulphuric acid. =>. 

(3.) If the solutions are mixed with excess of oaUStiO potftSh and boiled, then 

RaSjOji remains The polythionates break up, with formation of ikiosuiphaie 
uncmmged. as a constant product, and o^ respectively, 

RsS0,andR,S04.| R,SO« and R,S. RsSO^ and R,S. 

(3.) tif the solutions are boiled with excess of SldrcnriO cyanldo tlie salts 
suffer complete decomposition, with formation, pro molecule RsSxOt, of 
iHgS+2HNC+, respectively— 

HjSO*. I aHjSO*. I aH,S04+S. | aH,S04+S,. 

(4.) Kercnroiu nitrate produces 



An immediate black precipitate 
ofHgS. 



A yellowish precipitate which blackens 
only on boiling. 



From these statements it is easily seen how any one of the four acids 
can be identified, with more or less certainty. The analysis of a 
mixture of two or more of them can in general only be effected indirectly, 
by quantitatively determining the relative amounts of sulphur, oxygen, 
and metal present in the mixture. [Compare (3.) in table.] 

* Except perhaps part of that which, in case of HsSaOs or H^SsOg, may separate 
oai as sulphur in the process. 

t These reactions were discovered andfstudied by Kessler^ who recommends them 
for determining the composition of the several acids. In case of thiosulphates, 
nitric acid must be added (after the HgCyj) in successive small portions, and, after 
each such addition, the mixture boiled, until the precipitate, which is at first yellow, 
has become black. 
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365. Summary of Properties and Reactions of Thionates* 

1. Characteristic smells exhibited by : sulphuretted hy- 
drogen and by sulphurous acid. 

2. Metallic silver stained : by solutions of alkaline and 
alkaUne-earth sulphides and by H2S. 

3. Lead-paper discoloured : by H2S-gas. 

4. Solid thionates when heated in a snblimation-tube : 
may give out water. Normal sulphates R^SO^, if R=K, 
Na, ^Ba, Sr, Ca, Mg, Zn, Cu, Cd) undergo no other visible 
change. Other sulphates: decomposed in various ways. 

Thionates, not sulphates, are, in general, decomposed. 
Those in which R=K, Na, J(Ba, Sr, Ca) behave as fol- 
lows : Sulphides R2S, no substantial change. Polysulphides 
R2S.SX give off sulphur. Sulphites \t2i\Q residue of R2S and 
R2SO4. Byposulphates hrQ2k up into SO2+R2SO4. Thio- 
sulphates dxiA polythipnates are decomposed in various ways ; 
constant products : S, SO2, iand R2SO4. 

5. Small specimens when roasted in a draught-tube 
behave as follows : Sulphur bums away as SO2 ; polysul- 
phides generally, and almost all heavy-metalled sulphides^ 
behave as if part at least of the sulphur was free ; residues 
from sulphides of alkali or alkaline- earth metals contain 
R2SO4; heavy-metallic sulphides leave oxides, or oxysul- 
phides or metals. 

Neutral or Alkaline Solutions of Thionates and Reagents, 

6. Excess of hydrochloric acid liberates part, at least, of 
the acid, which, if it does not happen to be sulphuric^ under- 
goes som£ change, sooner or later, when the mixture is 
boiled down. Supposing this operation to be performed 
upon the several individual thionates, then the phenomena 
described in the left column of the following table corre- 
spond to the thionates named in the other. 

* A generic term meant to include sulphur-acids, their metallic salts and their an- 
hydridcs. 
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a. H2S given off freely. 

b. H2S given off freely and 
sulphur or metallic sulphide pre- 
cipitated. 

c. Ready evolution of SO, ; ulti- 
mate residue clear and free from 
SO,H,. 

d. Very slow decomposition, with 
formation of SOj and RaSO^, which 
becomes marked only after con- 
siderable concentration. 

e. Mixture readily deposits yel- 
low sulphur, with evolution of SO,. 

a. Residue free of RfSO*. 
/ Mixture, if originally dilute, 
remains clear for some time, but, 
after sufficient concentration, yields 
S, SO, and RjSO*. 



[a.) Sulphides R,S. 
(^.) Polysulphides R,S or al- 
kaline thio-salts. 

(r.) Sulphites. 



(</.) Hyposulphates. 



(«?:) Thiosulphates, Trithionates. 

(a.) Thiosulphates. 
(/) Tetrathionates, pentathio- 
nates. 



7. Chloride of iMtrinin precipitates ^2/^^^/^, sulphites^ and, 
in concentrated solutions, also thiosulphates, BaSOs and 
BaS20j are soluble, BaSO^ is insoluble in HCl. (No other 
thionates give precipitates with the reagent.) 

8. Nitrate of Silver, when added to solutions of thiosul- 
phates ox polythionates^ produces precipitates of the respec- 
tive silver-salts, which, when allowed to stand in the cold, 
are more or less readily, and on boiling are all quickly, 
decomposed with formation of (black) sulphide of silver. In 
solution of sulphates or hyposulphates the reagent produces 
no change even on boiling. From sulphites it precipitates 
white Ag2S08, which, although on boiling it may get. dis- 
coloured by reduction to metals is never thereby converted 
into sulphide. 

9. Iodine-solution is not changed by sulphates, hypo- 
sulphates, tetrathionates, but when added to neutral, or 
dilute acid, solutions of sulphites or thiosulphates^ it is 
readily decolourized, with formation of sulphate or tetrathio- 
nate respectively. (Comp. 7.) 
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lo. Chlorine, Inromine, permangaTilc add, if applied in the 
cold to acid or alkaline solutions of hyposulphaies^ produce 
no change in the nature of the acid ; all other lower thionates, 
when operated upon in this way, are oxidized into sulphates. 

366. Examination of an Aqueous Solution of Metallic or 

Hydrogen Salts for ThioncUes, 

The summary of reactions given in the preceding para- 
graph affords more than sufficient data for the identification 
of any Ofu individucU thionic acid, supposing it to be given 
in the form of a simple salt ; but no combination of known 
reactions will enable one to frame even a theoretically valid 
method for the exhaustive analysis of any mixture of thuh 
nates, quite apart from any difficulties that might arise 
through the presence of foreign substances. We shall 
therefore at once substitute a part of the problem for the 
whole, and show how, in certain cases, this minor problem 
can be solved. What we mean to do is to show how a 
solution of alkaline salts — which, to be able to assiune the 
simultaneous presence of any two or more of the acids 
under consideration, we must suppose to be alkaline to test- 
paper — can be examined for : A. Sulphates ; B. Sul- 
phides ; C. Hyposulphates ; D. Thionates, not 
A, B, or C, as a class ; £. Thiosulphates and trithio- 
nates as a class ; F. Sulphites and thiosulphates as a 
class. 

367. To consider first a comparatively easy case, let us 
suppose the solution to be such that, when strongly acidified 
with hydrochloric acid, it remained clear even when exposed 
for a short time to a boiling heat. Such a solution could 
not possibly contain sulphides and sulphites, or the group E. 
To test for A and B, acidify a portion of the solution with 
hydrochloric acid in the cold, and search for H2S (by means 
of acetate-oflead^^.^tr, if necessary) and for H2SO4 by means 
oi chloride of barium. If the salts R2S are found absent, 
test for su^hites with iodine solution, and another portion for 
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D by seeing if the acidified liquid decolourizes permanga- 
nate in the cold. In both cases a negative result can be 
accepted as final, but a positive one requires to be con- 
firmed, which, in reference to group D, can be done by 
means of nascent hydrogen^ which, when applied to dilute 
solutions in the cold, does not affect sulphuric nor h3rposul- 
phuric acid, but eliminates H2S from all other thionic acids. 
The safest method, however, is, after having completely 
eliminated the sulphuric acid by means of chloride of 
barium and free hydrochloric acid in the cold and in absence 
of air ^ to treat the filtrate with excess oi permanganate and 
excess of alkaline hydrate in the cold, and after having 
dissolved the manganese oxides by means of hydrochloric 
acid and ferrous chloride in the cold, to see if an additional 
quantity of sulphate of baryta has been produced by this 
operation. The sulphur in this precipitate must have been 
present originally in the fonn of acids of group D. If the 
filtrate from the second BaSO^ precipitate still contains sul; 
phur (not SO4R2), — which, after supersaturation with pure 
alkaline carbonate and evaporation to dryness, can be 
searched for by means of one or the other of the two general 
tests for sulphur given in §§ 342 and 343 — such sulphur 
must have been present originally as hyposulphate. This 
method for detecting hyposulphuric add can obviously be 
applied directly to any mixture of thionates, including sul- 
phides.* In absence of group D and of R2S it assumes a 
very simple form ; all that is required in this case is first to 
remove the sulphuric acid, if present, by means of chloride 
of barium, and then to test the filtrate for sulphur, by one or 
the other of the two fundamental methods referred to. 

368. If the solution is alkaline^ it may contain any com- 
bination of thionates. But in any case, the salts R2S, if 
present, are readily detected by means of metallic silver, 
and can be eliminated, and their sulphur separated, from the 

* It must, however, be stated that, although theoretically correct, it has not yet 
been tested by direct experiments. 
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rest by means oi acetate of zinc ^ which precipitant must be add- 
ed until a drop of the mixture, when applied to a silver coin, 
no longer produces a black stain. Supposing this to have been 
done, and the precipitate to have been removed by filtration 
and been properly washed, we have to deal with a pre- 
cipitaie containing, potentially, free sulphur, the sulphides of 
zinc and of the metals of the arsenic group, and perhaps 
also those of copper, mercury, and nickel ; and a filtrate^ 
which may contain any thionates^ not sulphides. Before at- 
tempting any separation, it is expedient, first, by means of 
preliminary tests applied to separate portions, to try and 
form at least a notion of the potential complexity of the 
solution. What was said above, and Nos. 6-10 of the 
summary in § 365, will suggest methods for the purpose. 
Supposing all the reagents applied to have given positive 
answers, a partial analysis might be attempted as follows : — 
Add excess oi chloride of barium in the cold, allow to settle 
in a close vessel, and separate precipitate and liquid. 



The precipitate may contain : 

BaS04 : insoluble in hydrochloric acid. 

BaSOg : soluble in hydrochloric acid ; the 
solution decolourizes brofnine'^zXxx hlxA 
iodine-solution, with formation of a pre- 
cipitate of BaS04. 

BaS^O^ : soluble in hydrochloric acid ; the 
solution decolourizes tWirVi^-solution, 
with formation of a solution of R2S40e ; 
when heated it deposits yellow sulphur. 



The filtrate may contsun : 



decolourizes 
iodine. 

Convertible into sulphate 
by alkaline Permanga- 
nate in the cold. 

For further information, vide supra. 



R«S,Oe 

characterized 
by negative 
properties. 



369. — III. Organic Sulphur Compounds 

for the purposes of the Analyst may be classified as follows : — 

1. TMonates of organic bases proper {i.e. bases such as quinine, 
ethyl-amine, etc. etc.) — Regarding these nothing need be said, except 
that, to conveniently identify them as salts of the respective acids, 
it is sometimes necessary to eliminate the base and replace it by 
potash or soda, which, as a rule, can easily be effected by means of the 
aqueous reagents bearing these names, or even by the corresponding 
carbonates. 

2. The large class of substances (CzHy0z).x803 producible by the 
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direct action of carburetted hydrogens, alcohols, acids, etc., on oil of 
vitriol, or sulphuric anhydride. — These may be divided into two classes : 

{a.) True sulphates (Ex. Sulphate of ethyl EO-(SOj,)-OE*, ethyl- 
sulphuric acid HO-(SOj)-OE, etc. etc.) — These substances when boiled 
with water— and their metallic salts when boiled with dilute hydro- 
chloric add — are more or less readily decomposed into the respective 
alcohols and sulphuric acid. 

{b,) Sulpho-acids proper, ue, such sulphuric acid derivatives in 
which the sulphur in the sulphuric-acid rest HSO3 is combined directly 
with carbon. (Ex. Isethionic acid H0-(C,H^)-S03H ; benzenesulph- 
onic (CjH5)-S03H, etc.) — These acids are very stable compounds; 
they cannot be decomposed by boiling with water^ and their sulphur 
cannot, as a rule, be eliminated completely as H,S04 by even prolonged 
treatment with nitric acid in the heat. Their alkaline salts, when sub- 
jected to dry distillation with caustic potash^ as a rule (which however 
has not yet been proved to hold with all known members of the genus) 
exchange their (S03R)'s for (OH)'s ; thus for instance : C,H..S03K + 
KHO=C«H..OH-|-S03K, (phenol and alkaline sulphite). A great 
number of substances which, according to their mode of formation 
should be cuid sulphurous ethers^ are in reality members of the class of 
acids under consideration. 

3. SulpUdes, i*e, {a,) thio-ethers ; {b.) thio-alcohols ; (r.) thio-acids. 
[Ex. (a.) Sulphide of ethyl E^S; {b.) mercaptan EHS ; {c.) thiacetic 
acid (CH3)C0.SH.] — This is a very well defined chemical genus ; but 
there is no general reaction known by means of which its members 
might be readily identified as sulphides ; there is, for instance, no general 
method of double decomposition for, say, replacing the sulphur by oxygen 
and eliminating it as H^S or metallic sulphide. These sulphides, when 
boiled with nitric acid, are oxidized into sulpho-acids. In this process 
a part of the sulphur may be eliminated as sulphuric acid, but we 
cannot hereupon found a general method for its detection. 

4. Other organic sulphur compounds. — This class, as is hardly neces- 
sary to say, includes a large number of chemical genera, each of them 
characterized by certain sets of reactions ; but these reactions are, in 
general, not translatable into analytical methods. 

The mere examination of an organic substance for combined sulphur 
can always be effected by means oi^^ general method of oxidation given 
in § 342, which, however, when applied to such bodies which do not 
contain their sulphur in 2^ fixed form, must be executed so as to force 
the vapours into contact with the red-hot reagents. A more convenient 
method, in such cases, is 

* E=(C,H.r. 
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870. ' Carius^^ which is founded upon the fact that all organic sulphur 
compounds when heated in sealed-up glass tubes with nitric acid of i *2 
to 1*4 spec, gravity, to I20°-I50° for a sufficient time, are either com- 
pletely burned (into CO,, HjO, SO^H,, etc), or at least changed so 
that all that ultimately remains unbumed are sulpho-acids, which by 
super-saturation of the whole product (nitric acid, etc), with alkali, 
evaporation to dryness and fusion of the residual alkaline salts in a silver 
dish, are easily destroyed, with conversion of their sulphur into alkaline 
sulphate. The strength of acid to be used, the temperature at which, 
and the time during which, it must be made to act, depend on the nature 
of the substance one has to deal with. Obviously the method applies 
also to all inorganic sulphur compounds, disintegrable by nitric acid. 

371. Examination of Solutions of Thionatesfor Metals. 

Solutions, in water or dilute mineral acids, of sulphates or 
hyposulphates^ are accessible to the methods of metal-detec- 
tion given in Div. II. Sulphites^ on account of the de- 
composing action of free sulphurous acid on sulphuretted 
hydrogen, must, previous to the application of this reagent, 
be boiled with a convenient acid, e,g, hydrochloric, until all 
the SO2 is expelled. Solutions of thiosulphates and 
pdythionates exhibit anomalous metal-reactions, and must, 
consequently, preparatory to an exhaustive examination for 
their metallic constituents, be decomposed so as to bring 
the metals into more convenient states of combination. 
This can be done (i.) by treating the solutions with excess 
of chlorine, which, in general, produces z. precipitate, consist- 
ing potentially of sulphur, chloride of silver, and sulphates of 
lead and of barium-group metals, and a solution of sulphates. 
The same process applies also to solutions of alkaline thio- 
salts, such as sulpharseniates, etc. ; (2.) by boiling the 
solution, after sufficient concentration, with excess of nitric 
acid, until all that part of the sulphur which has not sepa- 
rated out as such is converted into sulphate. The result is 
the same as in method (i.) 
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372. Dismiegration of Insoluble Metallic Thionates, 

A mixture of sulphides insoluble in water can always be 
completely disintegrated by successive treatment in the heat 
with (i.) hydrochloric acid, (2.) nitro-hydrochloric acid, or 
hydrochloric acid and chlorate of potash. Native sul- 
phides must, previous to the application of the liquid 
reagents, be reduced to a fine powder, (Consult §§ 349, 

35o» 302-) 

Of the large class of insoluble basic sulphates^ the vast 

majority can be decomposed and dissolved by means of 
hydrochloric acid. 

All non-volatile insoluble sulphates, for instance the sul- 
phates R^SO^ of baryta^ strontta, lime^ oxide of lead, are 
readily decomposed by fusion with excess of alkaline car- 
bonate. The fused mass, when treated with water, yields 
a precipitate of metallic carbonate and a solution of alkaline 
sulphate. 



373. Selenium and Tellurium, 

Two rare elements, which, in the atomic constitution of their com- 
pounds, are closely analogous to sulphur^ while, in their general 
chemical character, they may be said to be intermediate between that 
element and arsenic. The following is a short summary of what, in 
their chemical history, is of most importance to the Analyst i-^ 



Sdeniuniy Se. 

Elementary selenium and certain 
heavy metallic selenides occur in 
nature as rare minerals. Traces of 
the element are frequently found 
to accompany sulphur in native 
compounds, e,g,^ in volcanic sul- 
phur, in certain pjrrites, etc. 



Tellurium^ Te, 

is of rarer occurrence and less 
widely diffused than selenium. It 
occurs native as elementary tel- 
lurium, and in the form of heavy 
metallic tellurides. It is often 
found associated with sulphur, but 
rarely with selenium. 
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374. The ^ Free' Elements. 



Elementary Tellurium 

is a white crystalline brittle 
metal of about 6*2 spec, grav., 
which conducts electricity. At 
about 500° it melts, and at a certain 
temperature l)ring between 1040** 
and 1400** it boils, with formation 
of a greenish yellow vapour. 



Elementary Selenium 

exhsts in a variety of allotropic 
modifications, which all melt at 
temperatures below 250**, and at a 
certain higher temperature (which 
lies below 860°) boil with forma- 
tion of the same deep yellow 
vapour. Solid amorphous 

selenium is brittle, and presents a 
conchoid al fracture ; when seen in 
compact masses it appears very 
deep brown (almost black), but if 
spread out in thin layers it trans- 
mits red light Spec. gr. =4*3. 
It does not conduct electricity. 
At ordinary temperatures it is 
stable, but, when heated to 125°- 
180**, it gives out much heat and 
passes into the ' granular-crystal- 
line * variety which has a bluish- 
grey colour and metallic lustre. 

Both elements are insoluble in water ; one of the crystalline varieties 
of selenium dissolves sparingly in bisulphide of carbon. Selenium is less 
inflammable, and tellurium ^r less so, than sulphur ; but either, when 
heated in air, is readily converted into dioxide YO,.* 



876. Selenious oxide SeO, is a 
white solid, which is infusible 
but readily sublimable below red- 
ness. It readily dissolves in water, 
forming a solution of 

376. Selenious acid H^SeOg, 
which can be obtained in crystals. 
This hydrate is a powerful dibasic 
acid, being capable of decomposing 
even chlorides and nitrates in the 
heat.t [It is not volatilized from 
its aqueous solution on boiling. 



Tdlurous oxide TeO, is a white 
solid which, when heated, first 
mdts into a yellow liquid, and then 
sublimes. The fused oxide on 
cooling solidifies into a crystalline 
mass. 

Tdlurous acid H,TeO, cannot 
be produced synthetically, but is 
obtained, as a bulky white 
precipitate, by decomposing the 
tetrachloride by water. H,TeO, 
is a comparatively weak dibasic 
acid. Both the oxide and its 



* Y = Sc, Te. 

t [ ] holds for the corresponding tellurium compounds, except that certain alkaline 
anhydrotellurites (RjO+a or more TeO^) are only spaxingly soluble in water. 
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Its alkaline salts are soluble in 
water ; most other metallic selen- 
ites are sparingly soluble or in- 
soluble in water, but dissolve in 
hydrochloric acid.] 



hydrate readily dissolve in hydro- 
chloric and in nitric acid. The 
solutions, if not too strongly acid, 
are precipitated when diluted with 
water. The nitric solution when 
heated to 40° deposits crystalline 
anhydride TeO,. 



377. Behaviour of Acid Solutions of ites^ to Reagents, 

(The solutions are colourless.) | (The solutions are yellow.) 



Sulphuretted Hydrogen^ 



precipitates a yellow sulphide 
SeS„ which almost immediately 
breaks up into its elements. 
(Se + S,) is readily soluble in 
sulphide of ammonium. 



precipitates the brown stable 
sulphide TeS„ which is readily 
soluble in sulphide of ammonium. 



Ammonia, or Carbonate of Potash 
(In absence of insoluble bases), 



produces no visible change. 



gives a white precipitate of 
TeO„ soluble in excess of either 



reagent. 
Sulphurous Acid 



readily precipitates, at a gentle 
heat, free selenium, which is at 
first red, but, on standing, becomes 
greyish-black. The precipitate is 
soluble in cyanide of potassium 
solution. 



(on boiling) precipitates bla^k 
metallic tellurium. The precipi- 
tate is 2»soluble in aqueous cyanide 
of potassium. 



Zinc, Stannotis Chloride, and certain other reducing agents, 

act substantially like sulphurous acid ; ferrous sulphate, however, 
produces no change. 

Free Chlorine, also Chromic Acid, 



when added in the cold, converts 
the selenious acid more or less 
completely into selenic acid. 



No action ? 



*!>., the compounds R'^YO,, where R'=H or i equivalent of metal. What is 
given under ' selenium ' holds also for the purely aqueous solution of the acid. 

t It is very readily soluble also in a warm solution of neutral sulphite of potash or 
soda, with formation of seleno-sulphates. From the solutions the selenium can be pre- 
cipitated (as Se) by hydrochloric acid. 
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378. Selenates and Tdlurates 



are produced when the free elements or their dioxides, or their 

compounds with metals, or any ites, zx^ fused with carbonate and 

nitrate of potash. The fused mass contains alkaline ate 

RjOYO,, which is soluble in water. If the solution is acidified with 
nitric acid^ and mixed with excess oi chloride ofbarium^ then 



The selenic acid is precipitated 
as BaSeO^, which is similar in ap- 
pearance and in its behaviour to 
cold dilute nitric acid, to the 
sulphate. 

The hydrate H.SeO^. H O is an 
oily liquid of 2*6 spec, gravity, 
which in its behaviour to water 
resembles oil of vitriol. When 
heated beyond 285° it breaks up 
into SeO,, O, and H,0. Selenic 
acid is a strong dibasic acid, 
similar in its chemical character 
to sulphuric. 



Aqueous selenic acid cannot be 
reduced at all by zinc, iron, 
sulphuretted hydrogen, or sulphur- 
ous acid. . 



The telluric acid remains dis- 
solved. From neutral solutions a 
part of the acid may go down as 
BaTeO^.SHO. 

The hydrate H3Te0^.2H,0 
forms colourless prisms, which 
are considerably, though slowly, 
soluble in cold and readily soluble 
in hot water. The solution reddens 
litmus but slightly. The hydrate 
loses its 2H,0 at 100°, and the 
residue when exposed to a certain 
temperature below redness is re- 
duced to the anhydride TeOjjan 
orange-yellow mass, insoluble in 
even hot water. When strongly 
heated, the trioxide breaks up 
in.to dioxide and oxygen. 

By the action of the reducing 
agents named under selenic acid, 
aqueous telluric acid is reduced 
— more or less slowly — to tel- 
lurous. 



879. Selenates and tdlurates generally, including the anhydrides (and 
not excepting even selenate of l>aryta), when boiled with hydrochloric 
acid, are completely decomposed, with formation of free chlorine and of 
solutions of the ous acids YOgHj. These same acids (not the 

acids YO4H,) are produced in the oxidation of the elements or of their 
metallic compounds by means of nitric acid or other aqueous oxidants, 
even in absence of chlorides. 
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380. Blowpipe Tests. 



(l. ) When heated on Charcoal in the Reducing Flame, 



Most sdenites and selencUes give 
up a part of their selenium as 
free selenium, which in passing 
through the flame imparts to it an 
azure blue hue. 



Tellurium oxides are readily re- 
duced to metal which is volatilized, 
and in passing through the flame 
bums into a white smoke of dioxide. 
A part of the oxide is deposited 
on the charcoaL The deposit, 
when touched with the reducing 
flame, is volatilized, with produc- 
tion of green light. 



(2.) When heated with Carbonate of Soda on Charcoal in the 

Reducing Flame, 



Non-volatile j^/imiiwxv compounds 
3nield a flux (containing sdkaline 
selenide)y which, when moistened 
with water on a silver coin, pro- 
duces a dark brown stain. 



Non-volatile tellurium com- 
pounds are, at least partially, 
reduced with formation of a smoke 
and deposit of dioxide, (Vide 
supra. ) Part of the metal remains 
in the flux as telluride. 



(3. ) When fused together with Borax, 



Selenium oxides exhibit no char- 
acteristic phenomena. 

Note, — It is a highly character- 
istic property of selenium vapours 
that their oxidation in a flame 
always creates an intense nauseous 
smell, not unlike that of putrid 
horse-radish. This often enables 
one to detect the least traces of 
selenium in presence of tellurium 
or other elements. 



Tellurium oxides^ in the oxi- 
dizing flame, 3rield colourless beads, 
which, when heated in the reduc- 
ing flame on charcoal, become 
opaque and grey from reduced 
metaL 
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III. NITROGEN. 
381. — I. Free Nitrogen N2 

is a colourless permanent gas of 0-9714 spec, grav., 
(air=i). Its 'coefficient of absorption ' by water, at 15°, 
is^o'0148 ; i,e, one volume of water when shaken with 
excess of nitrogen of 760 mm. partial pressure at 15°, absorbs 
a quantity of N2 gas, which, if measured by itself at 0° and 
760 mm., would amount to o'oi48 volumes. Pure 

atmospheric air, when freed from the small quantities of 
carbonic acid and vapour of water which it invariably con- 
tains, is a mixture in almost absolutely constant proportions 
of nitrogen and oxygen ; the former gas forming 76-8 % 
by weight, or 79*0 % t>y volume, of the whole. Chemically, 
nitrogen is characterized mainly by negative properties. 
There are, it is true, a few reactions in which it is known 
to take part : it combines, at a red heat, with titanium^ 
tungsten^ magnesium^ and perhaps one or two other (of the 
rarer) elements ; when passed over a white-hot mixture of 
charcoal and caustic alkali or baryta^ it is absorbed as 
cyanide; a mixture of nitrogen and oxygen when locally heated 
by means of electric sparks, yields traces of nitrogen- 
oxides ; — but none of these reactions are practically avail- 
able for the identification of the chemical species N2. 

(382.)— II. Ammonia NHj. 

Regarding this substance and the salts producible by its 
union with real acids, see §§ 260-270. 

Of other inorganic ammonia-derrvatives^ the following may be named : 
(i.) The compounds formed by the direct union of anhydrous anmio- 
nia with acid-anhydrides. (Ex. S0, + 2NH, = H,N-(S0,).0-NH^ ; 
sulphamate of ammonium.) All these compounds, when treated with 
water, are either at once converted into, or at least behave to aque- 
ous caiistic alkalies in the heat as if they were, ammonium salts of the 
original acids. (2. ) The large class of compoimds producible by 

the union of ammonia with certain metallic hahids and other classes 
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of metallic salts. In most of these substances the NH^ is so loosely 
combmed with the rest, that it is easily separated by the application 
of comparatively low degrees of heat or by the action of water. This 
is the case, for instance, with the compounds of ammonia with the 
chlorides of silver and calcium. In others however, as for instance in . 
the salts of the so-called platinum bases, the NH^ is in firm 
atomic combination with the rest, so that it can, in general, be re- 
generated only by prolonged treatment of the substances with strong 
aqueous potash in the heat. (3.) The metal-amides and the 

nitrides: compounds of metallic or semi-metallic elements with the 
ammonia-residues (NHj,)' or (N)'". The following is a list of the most 
important of these substances: KNH, ; Zn(NH,),; KiN ; Mg,Nj ; 
Fe4N ; CrN ; VN, VN, ; BN ; SiNx. They are all solids, and as a 
rule present a semi-metallic appearance. The most general method for 
the formation of the nitrides is to heat a chloride of the respective 
element to redness in a current of dry ammonia ; of the nitrides named, 
K,N and Mg,Nj are the only ones which cannot be thus obtained. 
Of the bodies under consideration, those containing basilous metals 
(such as K, Mg, Zn, Fe) are easily recognised, as compounds of 
(NH,)' or N,'" by the facility with which they are decomposed by 
dilute acids with elimination of their nitrogen as ammoniimi salt. 
The potassium compounds are readily decomposed by pure water. 
Those containing metals of which the oxides are reducible by hydrogen at 
a red'heat, when subjected to this operation, give off ammonia, with 
formation of metaL All nitrides and metal-amides, with the only 
exception of the chromium compound^ when ignited with soda-lime^ are 
decomposed into ammonia and metallic oxide. 

III. Oxides of Nitrogen, 

383. The monoxide N2O (' laughing-gas ') is a colourless 
gas of 1*524 sp. gr., which is veiy appreciably soluble in 
water ; coefficient of absorption=o778 at 15°. This oxide, 
being readily dissociable at a red heat with evolution of heat ^ 
supports combustion almost as well as oxygen does. It is 
however easily distinguished from this gas by its not acting 
on any of the many liquid reagents (alkaline pyrogallate, 
cuprous chloride, etc.,) which absorb free oxygen. It is not 
acted upon chemically by water or by solutions of even 
the strongest bases, although it is possible,* by the reduc- 

* According to Divers : Chem. Soc. Journal tot x^ix. 
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tion of alkaline nitrites by means of sodium amalgam, to 
produce salts of a very feeble acid NOH=J(H20+N20). 

384. The dioxide NO (nitric oxide) is a colourless gas of 
1*038 sp. gr., which is only very sparingly soluble in water. 
This oxide is very stable, and its dissociation into Nj+Oa 
involves an absorption of heat ; it accordingly does not 
support the combustion of ordinary combustibles — a lighted 
taper, for instance, is extinguished when plunged into the 
gas; but strongly heated phosphorus bums in it. Nitric 
oxide is easily distinguished from all other gases by the readi- 
ness with which it combines directly with ordinary oxygen^ 
with formation of red fumes of the higher oxides NjOs and 
N2O4. It is largely absorbed by concentrated solutions of 
ferrous sulphate or chloride, forming a black solution, from 
which the gas is easily expelled by boiling. When passed 
over nearly red-hot soda-lime along with sulphuretted hydrogen, 
it is converted into ammonia, 

385. The triozide NsOs (the anhydride of. nitrous acid 
HNOa) can be produced s)mthetically from nitric oxide and 
oxygen, but is more conveniently prepared by the reduc- 
tion, at a gentle heat, of nitric acid (of i'2— 1-3 sp. gr.) by 
means of arsenious acid : H2ON2O6 + AS2O8 + 2H2O = 
AS2O6.3H2O + N2O8. It is a dark red-brown gas, condensible 
by intense cold into a blue liquid which boils somewhere 
about — lo^ It dissolves freely in concentrated sulphuric 
aad. It is largely soluble in water of o** with formation of 
a blue solution (of HNO2 ?)> which, when exposed to higher 
temperatures, evolves nitric oxide, while nitric acid remains 
in solution. The decomposition is the more complete, the 
more concentrated the solution and the higher the tempera- 
ture. Highly diluted solutions of the acid are stable in the 
cold, and, according to Fresenius, can even be distilled 
without being at all largely decomposed ; the acid accumu- 
lating in the first fractions of the distillate. 

386. Metallic nitrites. — Nitrogen trioxide is readily 
absorbed by solutions of the hydrates of the alkalies 
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and alkaline earth, with formation of nitrites R'NOj or 
R'^(N02)2 ; but it does not seem to be capable of decom- 
posing the carbonates of these bases, nor does it act on an)r? 
insoluble metallic oxides. The nitrites named can be pro-: 
duced also from the corresponding nitratesy by exposing 
these to a red heat, or by fusing them with metallic lead oil 
other reducing agents, or by treating their solutions withi 
nascent hydrogen. A number of basic nitrites of lead 0,2x1 be 
obtained by heating a solution of nitrate of lead with finely 
divided metallic lead, and from these basic salts the normal 
one Pb (N02)2 can be prepared by treatment of their solu- 
tions with carbonic acid. From the alkaline, alkaline-earth 
and lead salts, a great variety of other nitrites have been 
prepared by double decompositions. Metallic nitrites 

are mostly crystalline salts, soluble in water, which, while 
stable up to 100** at least, are decomposed on exposure to 
a red heat into dissociated acid and metallic oxide. The 
least stable of all nitrites is the ammonium salt, NH4.NO2, 
which, when heated by itself or in its aqueous solution, 
breaks up, below 100**, into nitrogen and water. The. 
potash and soda salts, on the other hand, are stable at a; 
dull red heat; on prolonged exposure to higher tempera-, 
tures they are reduced to peroxides. Examples of sparingly 
soluble nitrites are : the silver-salt AgNOs, which, though 
readily soluble in hot water, requires 300 parts of cold water 
for solution ; the tetra-plumbic salt 4PbO.N2O3.H2O, which 
dissolves in 34 parts of boiling and in 1250 parts of colci 
water ; that double nitrite of K2O and C02O3, known as 
^cobalt-yellow' (See § 153.) 

387. Reactions of Nitrites, 

I, Solid (or concentrated solutions of) nitrites when 
treated with cold dilute acids (SO4H2, HCl, C2H4O2) are 
readily decomposed with evolution of nitric oxide, which, 
by the action of the air, is at once transformed into brown 
fumes of N^Oi. When dilute solutions aie \x»3J5:<i. "^5f>:$:sv. 

p 
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dilute sulphuric or other acid, a part at least of the liberated 
nitrous acid escapes decomposition, and the mixture then, 
in virtue of its containing free N2O3 (or NO2H 1), exhibits 
the following reactions : 

2. It readily oxidizes hydriodkacid (KI + free acid) into 
iodinCj of which the least trace is easily recognised by means 
of starch or chloroform, as shown in § 308. 

3 . It oxidizes sulphuretted hydrogen into sulphur and water, 
the N2OS being reduced to ammonia. 

4. It reduces (and decolourizes) acidified permanganate to 
manganous salt 

5. It reduces dissolved chloride of gold 3Xi^ also mercurous 
nitrate to metal. 

6. When added to a cold saturated solution oi sulphate 
of diamidobenzoic acid^ it produces an intensely coloured 
product, which from concentrated solutions separates out as 
a brown precipitate, but in dilute liquids remains dissolved 
with a yellow colour, which, after about a quarter of an 
hour's standing, has attained its maximum intensity. This 
{P, Gries^s) test indicates as little as \ mgr. of N2O3 diffused 
throughout one litre of water. 

7. When added to a large excess of concentrated .^rirr^^x 
sulphate solution, it produces a black colouration, (Comp. 
§ 384.) This test holds also for neutral solutions of nitrites. 

8. When the solution of an alkaline nitrite (or nitrate) is 
treated in the heat with nascent hydrogen in such a manner 
that the mixture remains alkaline to the end, the nitrogen 
is slowly, but at last completely, eliminated as ammonia. 
If the operation is conducted in a retort connected with a 
condenser, the ammonia passes into the distillate (along 
with water), and there, however little it may be, is easily 
detected by means of Nessler's reagent, or otherwise (§ 268). 
For the generation of hdyrogen within the nitrite solution 
the following combinations of reagents have been recom- 
mended: {a.) Caustic fixed alkali and aluminium foil {by 
the inventor of the method, Schultze)) (b.) Caustic fixed 
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alkali^ granulated zinc^ and iron filings ( V, Harcourt) ; (c) 
Tribe and Gladstones Uopper-ztnc couple'* and water. — 
(^Thorpe.) 

388. The tetroxide N2O4 + XNO2 (peroxide of nitrogen), 
is a very volatile liquid, which at temperatures below o** is 
colourless, but when heated beyond o*' becomes more and 
more intensely yellow, and at last orange-yellow, until, at 
22°, it boils with formation of a dark red-brown vapour, 
which also is the more deeply coloured the higher its 
temperature. Towards water and bases this oxide behaves 
like a mixed anhydride of nitrous and nitric acids. 

389. The pentozide N2O6 — the anhydride of nitric acid 
— ^forms colourless crystals, which melt at about 30**, and 
boil at about 45**. It is a highly unstable compound, being 
very prone, even at temperatures below its boiling point, to 
break up * spontaneously ' into oxygen and lower oxides. 
It readily unites with water to form nitric acid HNOs j= 
KNaOfi-HaO). 

390. Nitric acid HNOs is a colourless liquid of about 
1*52 spec, grav., sufficiently volatile at ordinary tempera- 
tures to emit vapours which, on coming into contact with 
moist air, form dense clouds of less volatile higher hydrates. 
It boils at about ^^^^ with partial decomposition into 
oxygen and lower oxides of nitrogen which go off with the 
vapour of HNOs, 2ind water which mostly remains in the 
residue in the form of higher hydrates. On continued 
boiling this decomposition progresses slowly, but continu- 
ously, until — supposing the process to be conducted under 
the ordinary atmospheric pressure — the residue has come 
down in its composition to HNO3 -f-i*65H20, which (mixed) 
hydrate then distils over unchanged at about 120**. This 

* i.e. Very thin sheet zinc, coated, by immersion in cupric sulphate solution, with 
a thick spongy layer of copper and hydride of copper ^ and freed from the mother 
liquor by careful decantation and washing with cold water. I have reason to believe 
that the ' couple' owes it efficacy, as a nitroxide reducer, mainly to the comparatively 
small quantity of hydrogen in the copper-precipitate^ and uoX Xo V2&!t 9«iCL<QiCk.^1 ^^ 
couple on the water.— (^. D.) 
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hydrate contains 687o °^ ^^^^ ^^^^ (HNO3) ; its specific 
gravity is 1*414 at i5°'5. Highly-diluted nitric acid, when 
boiled down, first gives off pure vapour of water until the 
percentage of real acid in the residue has passed a certain 
limit value ^which seems to lie somewhere about 87o) > the 
vapours then become more and more strongly acid, until 
at last they obtain the same composition HNO3+ i'65H20 
as the residue. The real acid HNO3 and its stronger 

hydrates have the power of dissolving the lower oxides 
N2O3 and N2O4, the more largely the less the quantity of 
water present beside HNOs. Strong acid, largely charged 
with lower oxides (* fuming nitric acid '), possesses a brown 
colour; the dissolved oxides can be expelled by boiling; 
when the mixture is diluted, progressively, with water, it 
becomes, first green, then blue, and at last colourless, the 
oxides being gradually, and at last almost completely, 
decomposed into nitric acid and nitric oxide. Real, 

and sufficiently strong aqueous, nitric acid, especially if it 
contains lower nitrogen-oxides dissolved in it, behaves to a 
large number of substances as an energetic oxidizing agent* 
All solid elementary substances, with exception only of 
gold, platinum, and platinum-metals not palladium, when 
treated with nitric acid, are more or less readily oxidized. 
Sulphur, selenium, tellurium, phosphorus, arsenicum, anti- 
mony, tin, yield oxides or hydroxides, the ultimate products 
being: H2SO4, HgSeOs, Te02, HsPO*, H3ASO4, SbjOg-sHaO, 
meta-Sn02, respectively. All ordinary metals, others than 
those just named, are, by the action of nitric acid, converted 
into nitrates. The kind of reduction which the nitric acid 
suffers in these reactions depends on the degree of con- 
centration of the acid used, and on the nature of the sub- 
stance acted upon. In most cases the reduction-products 
consist of nitrogen-oxides — nitric oxide being as a rule 
the most abundant ; but in those cases in which the 

* If * nitric acid* occasionally exhibits reducing' proipertics, e.g. if found to reduce 
peammu^ or chromic acid, this is a func^ou ot thi^ nitrout acid present in the 
•urity. 



Nitrogen, 229 

substitution of hydrochloric for nitric acid would have led 
to an evolution of hydrogen, a part at least of the nitrogen 
is converted into ammonia salt. Many lower oxides, 

and salts of lower oxides, are by the action of nitric acid 
converted into more highly oxygenated compounds ; thus, 
for instance, ferrous salts are, in hot and sufficiently con- 
centrated solutions, converted m\.o ferric salts, with evolution 
of nitric oxide ; arsenious acid is, under similar circum- 
stances, converted into arsenic acid, etc. Strong nitric 
and hydrochloric acids, when heated together, decompose 
each other as follows : HN03+3HCl=NOCU+Cl-f-2H20. 
A mixture of the two acids (* aqua regia ') consequently is 
capable of changing all metals, except iridium, into chlorides, 
an action which sometimes, as for mstance in case of gold or 
platinum, is due only to the free chlorine, while in other cases 
the chloride NOCI2 also contributes towards the chlorination. 
Most combustible carbon compounds, when treated with 
strong aqueous nitric acid, are oxidized, some in the cold, 
others in the heat, with formation of lower oxides of nitro- 
gen, organic pigments being generally converted into 
relatively colourless products. With a given substance, an 
oxidation is in general the more likely to set in, and to 
attain to complete combustion, the higher the temperature, 
the longer the action is allowed to go on, and the greater 
the excess 'and the degree of concentration of the acid 
employed. It is however to be observed that real nitric 
acid, HNO3 (or a mixture of highly concentrated aqueous 
acid with oil of vitriol) when it acts in the cold on certain 
organic substances, produces other effects than (or besides) 
oxidation. Benzene, phenol, benzoic acid, and their homo- 
logues, for instance, when treated with the reagents named, 
are mainly converted into nitro-substitution-products, />. 
bodies not nitrates which contain per molecule, i, 2,...xN02, 
where the original substance contained i, 2,...xH. Glycol, 
glycerine, mannite, sugars and other di-, or more-atomic 
fatty alcohols are by the action of real HNO^ (5^1 oiC^^Q^'^ 
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+xHaS04) in the cold mainly changed into nitrates. 
Nitric acid is monobasic ; it acts energetically on all basic 
oxides, hydrates and carbonates, with formation of nitrates. 
391. Nitrates. — Normal nitrates are, most of them, crys- 
talline salts, which readily dissolve in water, if they be not, 
like the mercurosum and bismuth salts, decomposed by 
water, with formation of insoluble basic salts. Nitrates are, 
as a rule, less soluble in aqueous nitric acid than in water, 
and some of them are practically quite insoluble in highly 
concentrated acid. Hence, certain substances, which are 
easily attacked by the aqueous, are not acted upon by the 
real acid. All nitrates, when strongly heated, are de- 

composed. The ammonium salt NH4.NO3 is stable in its 
aqueous solution, even at a boiling heat, but when heated 
by itself it first melts, and is then, at about 23o*'-25o°, per- 
manently decomposed into nitrous oxide and water. Of 
metallic nitrates proper, those of the alkali metals and of 
silver — all colourless salts forming anhydrous crystals 
R'NOs — are the most stable. Their aqueous solutions can 
be evaporated to dryness without the salts suffering any 
decomposition, and the dry salts, when exposed to certain 
temperatures (which all lie considerably above 100°) melt 
into colourless liquids, which remain undecomposed even 
at temperatures situated considerably above their fi*eezing 
points. But at about a dull red heat they begin to give up 
oxygen and to be reduced to nitrites^ which in their turn, 
when very strongly heated, are reduced : the silver salt to 
metal, the rest to peroxides. Next after these monoatomic 
nitrates, in point of stability, come the nitrates of barium^ 
strontium^ calcium^ and lead, which like the alkaline salts can 
be dehydrated in the heat, substantially at least, without 
decomposition, and require continued exposure to a red 
heat to be completely decomposed and reduced to oxides. 
The rest of metallic nitrates are all comparatively unstable 
compounds. Their solutions (or compounds with crystal 
water) as a rule cannot be dehydrated in the heat without 
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loss of acid ; and, when heated by themselves, they are all 
decomposed at or even below a dull red heat, the metals in 
general remaining in the form of the highest basic or neutral 
oxides stable at the respective temperatures. (Comp. §§31, 
32, 183.) 

392. Carbon, sulphur, sulphides, cyanides — in fact all 
sufficiently fixed combustible substances — when heated with 
solid alkaline or other nitrates (of sufficient stabiHty) under- 
go combustion at the expense of the oxygen of the nitric 
acid. These processes are generally accompanied by a 
more or less violent deflagration, and sometimes also (as for 
instance when alkaline cyanide acts as combustible) by an 
explosion. Many other classes of salts, containing loosely 
combined oxygen (as chlorates, chromates, etc.), behave in 
this respect like nitrates. 

393. Reactions of Nitrates. 

1. Nitrates, when distilled with excess of sulphuric acid, 
are converted into sulphates with formation of a distillate 
of nitric acid, which, in absence of chlorides or other 
reducing agents, and if moderately dilute sulphuric acid is 
used, remains undecomposed. If concentrated sulphuric 
acid is used, the liberated nitric acid generally undergoes 
partial decomposition, with formation of brown-red fumes 
of N2O4. These fumes always make their appearance when 
a dry nitrate is decomposed by fusion (in a sublimation- 
tube) with bisulphate of potash, 

2. Solid, or concentrated solutions of, nitrates when 
heated with concentrated sulphuric acid and copper, give 
off brown-red fumes of N2O4. 

3. A dilute solution of (pure) nitric acid — or of a nitrate 
mixed with dilute sulphuric acid — does not liberate iodine 
from iodide of potassium, 

4. Unlike many other oxidizing agents, such as chlorine, 
bromine, hypochlorous acid, etc., it does not destroy the 
colour of indigo solution in the cold, nor does it do ^o ^\skc^ 
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acting conjointly with sulphurous acid, — this distinguishes 
nitric from chloric acid, — but if the blue mixture is heated 
to ebullition, the colour quickly disappears. This reaction 
is very sensitive, and is rendered more sensitive still by the 
presence of chlorides; but it is not particularly charac- 
teristic, as many oxidizing agents, for instance ferric 
chloride, behave to indigo like nitric acid. 

5. When a solution of a nitrate is mixed with its own 
volume of concentrated sulphuric acid, and, after cooling, a 
saturated solution oi ferrous sulphate poured on the surface 
of the mixture, the nitric acid is gradually reduced to nitric 
oxide, which accumulates in the ferrous layer, and imparts 
to it a blcu:k or, in case of traces of nitric acid, a rose-red 
colour. This test is very delicate, but it obviously applies 
to nitrites also, which, however, differ from nitrates in this, 
that they colour the ferrous-salt solution even in absence of 
free acid, while, in the case of nitrates, the presence of a 
very large excess of concentrated sulphuric acid, i,e, the presence 
of HNOa and the virtual absence of water, are essential 
conditions of success. 

6. When even the most dilute solution of a nitrate is 
acidified, and then treated at a gentle heat with nascent 
hydrogen (for the generation of which finely divided 
cadmium or amalgamated zinc is best adapted), a part at 
least of the nitric acid is converted into nitrous acid, of 
which the least traces can be recognised, as shown in 
§ 387, Nos. 2, 4, 6 

7. The method given in § 387, under number 8, for the 
reduction of nitrous acid to ammonia, applies also to nitric 
acid, as the first effect of the reducing agents there named 
on a nitrate is to convert it into nitrite. 

394. Examination of a Solution of Inorganic Salts for 

Nitrites and Nitrates, 

There being no precipitants for nitrous or nitric acid 
known, these acids must be searched for by the application to 
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separate quantities of the solution, of a proper combination 
of the tests given in §§ 387 and 393. A review of these 
tests at once shows that, even in absence of any foreign 
substances that might interfere with their application, they 
do not enable us to detect nitric in presence of nitrous 
acid. We accordingly begin by testing for nitrites. These, 
if present in sufficient quantity, are easily detected by the 
facility with which they are decomposed by even dilute 
sulphuric acid, with formation of ruby fumes of N2O4. 
(Test I in § 387). Lesser quantities can be recognised by 
their action — in neutral or slightly acid solutions — on 
ferrous sulphate (test number 7) ; the least traces : by the 
characteristic property of free nitrous acid of both reducing 
permat^anic and oxidizing hydriodic acid, i,e, by tests 2 and 
4 ; or else by means of Grtess's reagent (test 6). We do not 
know to what extent this latter test may be applicable to 
complex solutions ; in regard to tests 2 and 4, it is to be 
observed that, although both very delicate, they can in 
strictness serve only to determine the potential presence of 
nitrous acid. A solution containing ferrous and ferric salt, 
or arsenious and arsenic acids, for instance, behaves to both 
reagents as nitrous acid does. If the absence of such 
combinations as these cannot be conveniently proved, their 
influence may be eliminated by liberating the nitrous acid 
by means of acetic acid (in presence of much water), and 
separating it from the non-volatile parts by distillation. 
(Comp. § 385.) If the distillate gives positive indications 
with both reagents, it is almost absolutely sure to contain 
nitrous acid. If nitrites are proved to be absent, then 

nitrates may be searched for by the successive application 
to separate portions of the tests given under Nos. 2, 4, 5, 
and 6 in § 393. 

395. Upon the behaviour of nitric and nitrous acid in 
alkaline solutions to nascent hydrogen (as explained in §§ 387-8 
and 393-7) may be founded a very exact and almost 
absolutely general method for the deteetioii. ol^ScifeX.^^*^^^ 
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as a group. Add to the solution a large excess of caustic 
soda or potash^ subject the mixture to distillation in a retort 
connected with a Liebig's condenser, and test the distillate 
for ammonia by means of Nessler's reagent. In case of a 
positive result, continue the distillation until the last trace 
of ammonia is expelled. Now add to the residue strips of 
aluminium^ or granulated zinc and iron (and if necessary 
some water) and resume the distillation. Any nitrogen 
which now passes over as NHs must originally have been 
nitrous or nitric acid. This method applies to all nitrites 
and nitrates disintegrable by caustic potash. 

396. Analysis of Insoluble Nitrates and Nitrites, 

Most of these substances can be decomposed by boiling 
with excess of carbonate or hydrate of potash ; the metals 
remain as insoluble carbonates or hydrates, while the acid 
passes into solution as potash salt Cobalt-yellow (which 
is scarcely attacked by even caustic potash) is readily de- 
composed by caustic soda or baryta, 

397. Examination of Inorganic Nitrogen Compounds 

for Metals, 

Nitrates and nitrites offer no difficulty except that the 
free acids decompose sulphuretted hydrogen, and that their 
alkaline salts, on ignition, yield caustic alkali which attacks 
glass, porcelain, and platinum. If for one or the other of 
these reasons the presence of nitrates or nitrites should be 
inconvenient, they may be converted into chlorides by 
repeated evaporation with strong hydrochloric acid. 

Of metal-amides and metallic nitrides the majority are 
easily decomposed by dilute mineral acids, with formation 
of metallic and ammonia salt. The few that are not attack- 
able by dilute acids, can be disintegrated by fusion with 
bisulphate of potash. 
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898. Organic Nitrogen Compounds, 

Under this heading we must content ourselves with showing how 
carbon compounds generally can be tested for nitrogen, and how 
ammonia, nitrous acid, and nitric acid can be traced through some of 
the most important classes of their more immediate derivatives. For 
these purposes nitrogenous carbides may be classified as follows : — 

I, Bodies more nearly related to Ammonia : — 

A. Such as are connected synthetically with ammonia by 

(i.) Reversible reactions. 
(2. ) Non-reversible reactions. 

B. Such which, though not actual ammonia derivatives, are 

compounds of the ammonia-residues N'", (NH)", (NH,) '. 

II. Bodies more nearly related to Nitrous or Nitric add : — 

A. True Nitrates or Nitrites. 

B. Nitro-substitution products and similar substances. 

C. Azo- and Diazo- Compounds. 

Group L A (i.) comprises the ammonium salts of organic acids and 
the amides, imids, amin-acids, nitriles (pseudo-cyanides), producible 
from these by abstraction of water. All these substances are decom- 
posed, more or less easily, by aqueous caustic potash, with regeneration 
of ammonia and (salts of) the original acids. Examples : acetamide 
C,H,O.NH,; oxamide C,0,(NH,), ; succinamide C,H^(CO.NH,),; 

carbanide (urea) CO(NH,)a. Succimmide CaH^ 1 ro 1 ^^ ' ^^^" 

bimide (cyanic acid) CO.NH or NC.OH. Oxamic acid ■( ^^'^J!** 

i CO. OH 

Aceto-nitrile HjC-CN. Of the large number of genera belonging to 

Group I. A (2.) the following may be named: (i) amido-acids^ i,e, 
bodies like glycocol (amido-acetic acid) CH2(NH2).COOH ; aspartic 
acid (amido-succinic) CaH3(NHa).(COOH)a. From /!^j^ * ammonia- 
acids' the ammonia cannot be regenerated by boiling with caustic 
potash ley — which distinguishes them from the amine-acids. A good 

iCOOH 
COJN Jbij 
shows, belongs to both genera. When this substance is boiled with 
baryta water, only the NH, of the CONH,, is eliminated as NH, ; 
with formation of aspartic acid. (2.) The so-called compound 

ammonias^ bodies producible synthetically from ammonia by the re- 
placement of 7, I, \ of the hydrogen by its e<\uivak.TA. q>1 ^<y^0^- 
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radicles. Of these ammonias, the * monamines'* (the compounds NR', 
of monovalent radicles, as ethyl C2H5, methyl CH,, etc., with 
(NH,)', (NH)'' or N'") are the most important. These are all 
mono-acid volatile bases, more or less similar, chemically, and some 
of them even physically, to ammonia. Those in which R=CH, 
or = (CH,-f nCHg) are the less volatile, and also in other properties 
the further removed from ammonia, the greater n and the less of the 
original ammonia-hydrogen is left unreplaced. The 'tertiary' bases 
NR', (for instance, triethylamine NEt,=N(CaHg),) combme with 
the iodides IR' with formation of organic ammonium iodides, which, 
though undecomposible by caustic potash, can by the action of water 
and oxide of silver be converted into solutions of the corresponding 
hydrates NR'^.OH, which are remarkable for the striking resemblance 
they exhibit (in the avidity with which they combine with acids, and 
act on metallic salts, and even in their action on animal tissues) to 
solutions of caustic soda or potash. Less similar to ammonia than the 
monamines, are the 'diamines' and the 'triamines,' bases derived from 
NgH, and N,H„ respectively. From no organic compound ammonia 
can NH^ be regenerated by processes stopping short of a complete dis' 
integration of the carbon groups ; at any rate, such processes, if they 
exist, have yet to be discovered. 

All amido- (NHa-) substitution products, although they may perhaps, 
on account of their containing carboxyl (COOH), be acids, possess, at 
least feebly basic properties. Thus, for instance, glycocol — ^although 
an acid — is, like NH„ capable of uniting with hydrochloric acid. Most 
of the compounds of NHj which belong to I. A (i.) or (2.) when treated 
with water and nitrous acid^ are decomposed in more or less exact 

accordance with the general equation : { . . . NHj+HNOj = Hj04- 

. . . (OH) + N2} the intra-radical (NHj*s) behaving like the extra- 
radical ones. 

Group L B comprises a large number of chemical genera ; it in- 
cludes, for instance, all native nitrogenous carbides : the ' alkaloids ' 
(quinine, morphia, etc. etc.), the protein-substances (albumen, fibrine, 
etc. etc.), etc. 

Group n. A. — The nitrates of organic bases proper are all readily 
decomposed into their constituents by treatment with aqueous hydrate 
or carbonate of potash, and consequently easily recognised as salts of 
nitric acid. The nitrates and nitrites of monoatomic alcohols^ for 

instance nitrate and nitrite of ethyl, can be decomposed (the N,0, 
compounds more easily than the N^O^ ones), by digestion in the heat 
(in sealed-up tubes) with aqueous caustic alkalies, into salts of their 
acids and the respective alcohols or ethers. The same decompositions 
can be effected more easily by means of alcoholic potash. These state- 
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ments hold, in a limited sense, also for those nitrates of di- and poly* 
atomic alcohols which are generally denominated as nitro-bodies, such 
as nitro-glycerine, nitro-mannite, etc All these alcohol nitrates and 
nitrites, when treated in alcoholic solutions with certain reducing 
agents, e,g, sulphide of ammonium, yield ammonia and the respective 
alcohols. 

The niirO'SUbstitution products (bodies containing nNO, instead of 
nH within their specific radicles) differ from nitrates in this, that they 
give up no N^Og to caustic potash, and that, when treated with reduc' 
ing agents — sulphide of ammonium, hydrochloric acid and tin, etc. — 
they yield amido-bodiesy i.e. they exchange their NO,*s for NH,'s. 

Most organic derivatives of nitric and nitrous acid are explosive, ue, 
capable of burning at their own expense with evolution of heat. Some 
of them, e,g, Nitro-glycerine, are as explosive as gunpowder. 

The lK>dle8 of group II. C are as yet of little practical importance. 
Suffice it to state that the diazo-bodies, being compounds of the radicle 
— N=N— , are highly unstable substances, and easily break up with 
formation oifree nitrogen, 

399. Methods for the Detection of Comhined Nitrogen 

generally 

may be deduced from the following facts ; (i.) all nitrides 
which contain their nitrogen in a non-oxidized form (except 
one or two very refractory metallic nitrides proper and 
certain azo- and diazo-compounds) when burned in a com- 
bustion-tube with excess of soda-lime^ give up the whole of 
their nitrogen as ammonia, 

(2.) If the same operation is applied to organic com- 
pounds of oxidized nitrogen (bodies II., A and B, § 398) a 
part only of the nitrogen, if any, is evolved as ammonia ; but 
the quantity of the latter can always be increased by adding 
to the substance a sufficient excess of sugar or other non- 
nitrogenous organic matter. The process, if thus modified, 
holds also for inorganic nitrates and nitrites. 

(3.) All organic nitrides^ without exception, when burned 
in a combustion-tube with oxide of copper ox chromate of lecuiy 
— and all inorganic nitrates and nitrites when burned with 
metallic copper — ^give up their nitrogen mo^XV^ ^s ^mOsvV^^^ 
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and the rest as NO ; hence, if matters be arranged so that 
the products, before leaving the tube, have to pass over a 
layer of red-hot metallic copper^ the whole of the nitrogen is 
ultimately obtained as N2, />. in case of carbon compounds 
as part of a mixture of N2 and CO2, of which the latter can 
be removed by means of caustic potash solution. 



IV. PHOSPHORUS. 

400.— I. TTu ' Free Element' 

exists, at relatively low temperatures, in a number of alio- 
tropic modifications, which however, by the effect of heat, 
are all converted into the same vapour of the density 
62 = P4: H2. If phosphorus vapour is cooled down sud- 
denly it condenses into : 

401. Ordinary phosphorus Pa, a colourless trans- 
lucent solid of wax-like consistence, which melts at 44° and 
boils at about 250° Spec, grav. = i •8-2*1. This is the 
most inflammable of all elementary substances, the slight 
increase of temperature producible by gently rubbing it 
against a rough surface being sufficient to inflame it 
When burned in an excess of oxygen or air, it is converted 
into dense white clouds of (solid) pentoxide with evolution 
of much heat, and of an intense white light But if the 
phosphorus is in excess over the oxygen, trioxide is pro- 
duced besides pentoxide. When exposed at the ordinary 
temperature to air, it undergoes slow combustion into 
teroxide and pentoxide, which at first assume the form of 
clouds, but soon settle, and, in presence of moisture, deli- 
quesce into a syrup of aqueous phosphorous and phosphoric 
acids. This process of oxidation always induces the trans- 
formation of some of the ambient oxygen into ozofie, which 
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is one of the causes of the garlic smell observed during the 
process ; it is also accompanied by the continuous evolution 
of a greenish-white light, which, however, can be seen 
only in the dark. Phosphorus is not soluble in, nor other- 
wise appreciably acted on by, water. It is slightly soluble 
in ether^ in fatty oils, and in turpentine, and readily in 
bisulphide of carbon, from which solution it can be obtained 
in crystals belonging to the regular system. When ex- 

posed, under water, to sun-light, it undergoes gradual super- 
ficial conversion into a white opaque modification fusible 
somewhat above 44° into ordinary liquid Pa. When 

kept (in an inert atmosphere) at 23o°--235°, or, at lower 
temperatures, brought in contact with a trace of iodine, it 
is converted into 

402. Red (* amorphous ') phosphorus, P/5 — ^with evolution 
of 28246 units of heat for P=3i parts of substance. Red 
phosphorus is a red-brown, opaque, brittle solid of 2 '1-2 '2 
spec. grav. which, when heated, remains apparently un- 
changed up to about 260°, when it is converted into ordinary 
phosphorus vapour P4. Like Pa it is insoluble in water, 
but it is not dissolved by bisulphide of carbon or any 
of the other menstrua for Pa. In its chemical reactions it 
agrees with Pa in so far as the products formed by its action 
on a given reagent are the same as would have been 
obtained from the a-modification, but, containing far 
less internal heat than the latter, its reactions are not so 
easy to start, and when started, proceed more slowly. Thus, 
for instance, P/5 does not get appreciably oxidized when 
exposed to the air at ordinary temperatures, and its kindling 
temperature is so high that it can be impunedly pounded 
in a mortar. 

Reactions of Phosphorus P. and Y^ 

408. Hydrogen, Nitrogen, Carbon do not act chemically on phos- 
phorus at any temperature. 
Oxygen. — Vide supra. — Regarding the lialos^'nA ^e&% '>fx^ 
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Sulphur combines readily with pbospbonis, with formation of PsSs, 
and in other proportions. 

404. Metals (many) are capable of fusing together with phosphoms. 
The compounds are often (as in case of iron, nickel, cobalt, idsttmim) 
found to be more easily fusible than the metals themselves. 

406. Aqoeoiui adds. — Dilute sulphuric or hydrochloric adds are, 
under ordinary circumstances, not much acted upon by phosphorus. 
Strong hydriodic acid, when heated with phosphorus, yields phosphorous 
acid and a sublimate of hydriodate of phosphii^e. Nitric add, 

especially in the heat, acts readily on phosphorus ; the general result 
being the formation of a solution of phosphorous and phosphoric adds, 
in which the former is the more largely present the less the excess of 
oxidant The action in the heat of an excess of amorphous phos- 

phorus on dilute nitric add, results in the formation of relatively much 
phosphorous acid and of some ammonia salt — ( W, D,^ 

406. Aqaeons alkalies. — Phosphorus dissolves in boiling solutions 
of caustic alkalies or alkaline earths, with formation of gaseous 
phosphine and of hypophosphites. Ex. : 3Ba(OH),-f P8+6HaO^ 
3BaH4P204+2PHj. 

407. HeaTy-metaUlc salts. — Gold, palladium, silver, copper, and 
some other of the less oxidizable metals, are predpitated, as such, from 
solutions of their salts, by the action of ordinary (or amorphous ?) 
phosphorus, with formation of phosphorous or phosphoric acid. 

II. Hydrides of Phosphorus, 

408. Solid phosphoretted hydrogen (P2H?).~Yellow flakes, in- 
soluble in water. Takes fire at about 150°. 

409. The hydride PH2 forms a colourless, very volatile liquid, 
spontaneously inflammable in air, and imparting this property to eved 
large quantities of other combustible gases [e,g. Ha, PHj, etc. ) when 
diffiised through these in the form of vapour. When exposed to the 
light, or treated with aqueous hydrochloric acid, it is decomposed into 
the solid hydride and phosphine gas, the hydrochloric acid in the latter 
case suffering no permanent change. 

410. Phosphine PHa. — A colourless gas of I '214 spec. grav. (air = i), 
little soluble in water, and endowed with a nauseous smell similar to 
that of putrid fish. It readily takes fire and bums with a brilliant 
white flame into PaOs (or POsH) and H2O, but it is not spontaneously 
inflammable, unless contaminated with PH2. Phosphine and oxygen 
when shut up together over water, slowly contract into phosphorous 
acid. Phosphine is quickly absorbed (and oxidized into phosphate) by 
solutions oihypochlorous acid or alkaline hypochlorites. It is readily 
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decomposed by the solutions of certain heavy-metallic salts, e.g, by 
cupric sulphate, with formation of black flakes of CusPj ; by nitrate 
of silver^ with formation of a black precipitate of the approximate 
composition Agj+AgaP, the O originally combined with the Aga form- 
ing PO4H8 ; by acetate of lead or mercurous nitrate^ with formation of 
brown flakes of (pure ?) metallic phosphide ; by chloride of gold, with 
precipitation of pure metal. Phosphine does not act on litmus, 

nor exhibit basic properties towards aqueous acids, but it is capable of 
combining directly with hydriodic acid gas, with formation of a sublim- 
able crystalline substance HI. PHs, which by the action of water is 
readily decomposed into HI and PHs. 

411. Flame test. — A current of hydrogen contaminated 
with ever so little phosphoretted hydrogen or phosphorus 
vapour, when caused to issue from a platinum point, and 
kindled, jdelds a flame, the central cone of which exhibits a 
green colour, which becomes more intense when the flame is 
cooled down by a porcelain plate held in it. The spec- 
trum of the flame is characterized chiefly by two green lines. 
This reaction is wonderfully delicate, and even if the flame 
is allowed to come in contact with glass, and thus to get 
discoloured by sodium, still presents a high degree of 
sensibility. 

412. Metallic phosphides are solids which, when treated 
with mineral acids, are decomposed with formation oi phos- 
phine gas (and in general more or less PjH and PH2). 
Those of the more strongly electro-positive metals are 
decomposed by pure water. 

III. Inorganic Phosphorus Acids, 



Name. 

» 


Formula of 


Acid. 


Hydrogen Salt. 


Anhydride. 


Hypophosphorous, 
Phosphorous, . . . 
Orthophosphoric, . . 
Pjrrophosphoric, . . 
Metaphosphoric, . . 


PH80,=PHaO.OH, . 
PHaOs— PHO.(OH)^ . 
PH804=PO.(OH)s, . . ) 
2PH804-HaO=Pj07H4, \ 
PH8O4 - H20=P08H, . ) 


[PaO, hyp.] 
P2O8. 

P2O5. 

1 
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§ 

413. Hsrpophosphoroiui add. — An aqueous solution of this acid can 
be obtained by decomposing a solution of the baryta salt (§ 406) with 
its exact equivalent of sulphuric acid, and removing the sulphate of 
baryta by decantation. The solution can be concentrated at tempera- 
tures not exceeding 105° without the acid suffering any decomposition. 
At 105** the greater part of the water can be expelled, and if what 
remains is cautiously concentrated, first at temperatures below 110° 
and ultimately at 130° — care being taken not to allow ebullition, — 
there remains at last an acid containing only 2^0 of water in the form 
of a syrup which, when kept in the cold, solidifies into a mass of large 
leaf-shaped crystals. The crystals melt at I7°*4.* Both the real, and 
highly concentrated aqueous acids, when heated over a flame, suffer 
decomposition into phosphine (free from PHa) and orthophosphoric 
acid, thus : 2PH802=PH8+PH804. The acid is monobasic ; it 
readily saturates bases. Most liypophOBplilteB PHtO.OR' (where 
R^i equivalent of metal), are crystalline salts, soluble in water. 
When heated for themselves over a flame they take fire, being decom- 
posed in accordance with eq. 4PH20.0R'=2PH8+HjO+P806.2R'aO 
(pyrophosphate). When boiled with aqueous caustic potash^ they are 
decomposed thus : PH20.KO+2HKO=2Hj+PO.(KO)8. The solu- 
tions of both the acid and its salts gradually absorb atmospheric oxygen, 
especially at higher temperatures. 

414. FhospliorouB add. — The anhydride PaOs is a white, readily 
sublimable solid. When heated in air it bums into PsOs. It acts 
violently on water, with formation of a solution of the acid. The add 
can be obtained in the form of crystals (PH3O3), but is l»etter known 
as a thick S3nrup soluble in all proportions in water. The aqueous acid, 
if dilute, is not changed by ebullition, but, if highly concentrated, is 
decomposed by heat into orthophosphoric acid and phosphine 4PHsOs= 
3PH8O4-I-PH8. It absorbs oxygen from the atmosphere with forma- 
tion of orthophosphoric acid. Phosphorous is a stronger acid than 
hypophosphorous. It is dibasic. Phosphites generally are more stable 
than the corresponding hypophosphites. Their solutions do not get 
much oxidized on exposure to air; they are not decomposed when boiled 
with potash. When heated for themselves they are all decomposed 
with evolution of hydrogen, or of hydrogen and phosphine ; fixed bases 
remain in combination with PaOs. Acid phosphites generally, and 
the normal alkaline phosphites, are soluble ; the rest of phosphites are 
mostly insoluble or sparingly soluble in water. 

415. In the examination of aqueous salt solutions, hsrpo- 
phosphorons and phosphorons acids, as a class, are easily 



* Julius Thomsen ; Ber. der deutsch. chem. Gesellachaft, for 1874, p. 994. 
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recognised by the facility with which they are oxidized into 
phosphoric acid : (i.) By chlorine in the cold, both in acid 
and alkaline solutions. (2.) By nitric acidy in hot con- 

centrated solutions. (3.) (In acid solutions in the heat) 

by fnercuric chloride^ with precipitation of calomel or metal. 
(4.) (The free acids) by free sulphurous acid in the 
heat — with evolution of sulphuretted hydrogen ; or, if the 
reagent is in excess, precipitation of sulphur, (5.) By 

nitrate of silver, with formation of a black precipitate of 
metal. (This reaction succeeds better in ammoniacal than 
in acid solutions.) Of these reductions Nos. (3.) and (4.) 
are most characteristic, but none of them are conclusive 
unless proved to have involved the formation of phosphoric 
acid. If this acid should be present in the original liquid, 
it may be removed (from solutions of hydrogen or alkaline 
salts) by means of magnesia mixture (according to § 422), 
which, from dilute solutions at least, does not precipitate 
the two lower phosphorous acids. — The discrimination of the 
two acids is difficult In absence of certain foreign substances it may 
be effected by means of acetate oflead^ which does not precipitate hypo- 
phosphites, while from neutral phosphites it tlirows down a white lead 
salt, insoluble in acetic acid. 

416. A solution containing phosphorus in the phosphide, 
hypophosphite, or phsophite form, when treated with zinc 
and hydrochloric acid in a Marsh's apparatus, yields 
phosphine which goes ofif with the hydrogen, and can be 
recognised by the flame test given in § 411. The presence, 
in the gas, of HjS, or AsHs, or SbHj greatly interferes with 
the visibility of the reaction. 

Phosphoric Adds^ 

417. The pentoxide P2O5 (the common anhydride of all 
phosphoric acids) is obtained by the combustion of phos- 
phorus in excess of air or oxygen as a snow-white, very 
voluminous powder, sublimable at a red heat without 
decomposition, which, when exposed to moist air^irojKkSr 
diately becomes * sticky,' and soon deliquesces m\.o syc>^^1 
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hydrates. It combines with water with great avidity, and 
with evolution of much heat, exceeding in this respect even 
sulphuric acid (H8SO4). It has the power of abstracting 
water from almost all hydrates and pseudo-hydrates ; even 
sulphuric acid and nitric acids when distilled with it are 
partially reduced to SOs and NjOs respectively. If cautiously 
added to an excess of water at a low temperature, it dis- 
solves as metaphosphoric acid^ P2O5H2O = 2HPOs, tvhich 
at low temperatures very slowly, but on ebullition veiy 
rapidly, takes up more water, and is converted into a solu- 
tion of orthophosphoric acid Pj05.3H20= 2PH8O4. If the 
solution is evaporated below, and what remains dehydrated 
at, 160°, this acid remains, in the form of a stifif syrup, which 
when kept in a dry atmosphere solidifies very slowly into 
crystals. But if the process of desiccation is conducted at 
215°, the pentoxide ultimately remains in the form of 
pyrophosphoric acid Yjdi2^jd^l^jd^^i. This acid, when 
exposed to a red heat, loses water and ultimately leaves a 
residue of metaphosphoric acid HPOj. The three hydrates 
are all very easily soluble in water. The p)rro-acid solution 
behaves on standing and on ebullition exactiy like the meta- 
one. Each of these three acids, although they are all three 
derived from the same anhydride, forms a distinct series of 
salts of its own. 

418. Orthophosphoric acid is the best studied of the three 
phosphoric acids, and is the only one of which salts occur 
in nature; it is therefore often simply called 'phosphoric 
acid ;' we adhere to this general custom, and consequentiy 
reserve the prefix * ortho- ' for cases in which its omission 
would produce ambiguity. Phosphoric acid is a strong 
tribasic acid, and accordingly forms three series of salts with 
the alkalies and with ammonia. Of these, the dimetcUlic 
salts P04.R'2H are obtained by adding to a solution of the 
acid a little more of hydrate or carbonate of alkali than is 
necessary for neutralizing its action on litmus, and evaporat- 
ing to crystallization. From these salts PO^HR't, the 
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monometallic salts PO4H2R' and the trimetallic salts 
P04R'3 may be produced by adding to their solutions the 
requisite quantities of, respectively, free acid or caustic alkali 
(not carbonate, because the salts P04HR'2, although 
theoretically * acid salts,' are not capable of decomposing 
carbonates). Of Lithia and Oxide of Silver only the 

salts Li3P04 and Ag3P04 are known. These two salts are 
insoluble, all other phosphates of mono- acid bases are soluble 
in water. Of the latter the majority can be obtained in 
crystals, which as a rule contain crystal-water. The diammonic 
salt P04(NH4)2H is one of the few that form anhydrous 
crystals. With the basic oxides of di- or polyvalent 

metals phosphoric acid forms an immense variety of salts, 
of which the dimetallic, the trimetallic and the basic ones 
are all sparingly, if at all, soluble in water^ while the com- 
paratively limited class of monometallic salts are, as a rule, 
soluble in water. 

419. Behaviour of phosphates to heat, — Phosphates con- 
taining ready formed water can as a rule be dehydrated at 
100° or even lower temperatures. In this process the 
ammoniacal ones usually lose part of their NHj at the same 
time. A dull red heat generally suffices to send off the 
basic water and the ammonia, although the last remnants 
of these may require a bright red heat for being expelled. 
But in all cases the whole of the PjOg and of the fixed 
bases ultimately remain as parts of a compound which, 
according to the proportions of these two constituents to 
each other, is a meta-, a pyro-, or an orthophosphate. This 
phosphate however needs not necessarily be identical with 
the one originally present, potentially, in the salt, as 
oxidizable oxides, such as FeO, may have suffered oxida- 
tion by atmospheric oxygen. Pure ammonic phosphates 
leave residues of metaphosphoric acid. Mercury-phosphates 
in general lose oxygen and metal, and there remains 
ultimately some compound of P2O5+ Mercury-oxides (meta- 
phosphate ?). 
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420. The following is a list of practically important ph08i»hate8 :-^ 
Or&mzxy phosphate of soda, large crystals of comp. Na^HPO^+isHaO. 

Microcosmic salt, crystals of comp. Na(NH4)HP04+4H,0. 
Monopotassk salt, large crystals of comp. KHaP04 ; stable up to 400°. 
The dipotassic salt does not crystallize. Tricalcic salt caiP04 forms 

the main constituent of bone-ash, and occurs in nature as phosphorite. 
Compounds of this salt and chloride of calcium occur native as Apatites 
6ca3P04. CaClj (the CI being as a rule partially and sometimes wholly 
replaced by fluorine). The tricalcic salt dissolves in mineral acids as 
* superphosphate,* which can be obtained in crystalline scales caH,P04+ 
HjO, soluble in water ; solution strongly acid. The normal 

alumina salt is obtained when alum-solution is added to an excess of 
ordinary phosphate of soda, as a white gelatinous precipitate, insoluble 
in acetic acid. Occurs native as Gibbsite AlaO,Pa08.4H,0 and as 
^ Rotondo-mineraV (formula?), which latter forms lai^e deposits on 
certain islands in the West Indies. The triplumbic salt pb,P04, 

as obtained by double decompositions from solutions, is a white powder, 
fusing on charcoal before the blowpipe into a dear heat, which, on 
cooling, freezes into a crystal. Occurs native as a constituent of 
Pyromorphite(i^\i^O^.Y\iQ\^ [pb, ca = JPb, }Ca]. 

Reactions for the Detection of Phosphoric Acid, 

421. (a) In Solids, 

Most anhydrous metallic phosphates, when intimately 
mixed with carbonate of soda and lampblctck^ and then fused 
together (in narrow sublimation tubes) with sodium or 
magnesium at a red heat, are reduced with formation of the 
phosphides of these metals, which can be identified as such 
in Marsh's apparatus (as shown in § 416), or by their giving 
ofif a smell of phosphine, when moistened with water. 

Most phosphates when moistened with strong sulphuric 
acid and then exposed to the inner cone of an oxidizing 
blowpipe flame, impart to the outer portions of the flame a 
characteristic, but rather transitory, bluish-green colour. 

422. (b) In purely aqueous solutions of alkcUine phosphates, 

(i.) Nitrate of silver gives a yellow precipitate, which 
always consists of the trimetallic salt PO^Aga even if the 
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salts PO^R'Ha or P04R'2H be used. This silver salt 
being soluble in nitric acid, and also in large quantities of 
nitrate of ammonia, the precipitation is complete only in 
case of the trimetallic salts of potassiuip or sodium. 

(2.) Chloride of calcium (from the trimetallic salts, which, 
if necessary, must be produced by addition of ammonia) 
precipitates the whole of the PgOs as Ca3(POi)2, — a white 
gelatinous precipitate, insoluble in water, slightly soluble in 
ammonia salts, easily soluble in nitric, hydrochloric, and in 
acetic acid. Chloride of barium behaves similarly, but 

is not so characteristic a reagent. 

(3.) Sulphate of magnesia^ when added to solutions of the 
salts PO4R2H of the alkali metals, produces a slow-forming 
precipitate of POiMgH. 7H2O ; in the heat, or if a trimetallic 
salt be used, a powdery precipitate of (P04)2Mg8.5H20 is 
produced somewhat more readily. Neither reaction is 
very sensitive ; but, if instead of pure magnesium salt, 
(4.) Magnesia mixture* be used as reagent, and a sufficient 
quantity of caustic ammonia added at the same time (there 
should be at least three parts of free NH, in every 100 of 
mixture), then, even in dilute liquids, a crystalline precipitate 
of the double phosphate P04MgNH4.6H,0 is produced, in 
which gradually the whole of the phosphoric acid accumu- 
lates. (Comp. § 237.) 

Note, — All these reactions come out with arsenates as well as with 
phosphates, except that the silver salt AsOiAg has a brown (instead of 
a yellow) colour, and that the precipitates in case of (2.) and (3.) may 
differ in constitution from the corresponding phosphate ones. 

423. (c) In solutions of phosphates of protoxides 
R'sO or R'^0 in nitric acid, 

(5.) An excess of nitrate of bismuth^ when added to such 
a solution, precipitates the phosphoric acid completely in 



* A mixed solution of sulphate — or, what is better, chloride— of magnesium and 
sal-ammoniac (MgCb : 2NH4CI) in dilute ammonia. 
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the form of a white powdery salt P,0».Bi,0« insoluble, even 
in the heat, in water, and in dilute nitric acid ; while the 
bases remain in solution as nitrates. If alumina or ferric 
oxide are present, these are precipitated partially along with 
the phosphoric acid. The reagent should not contain any 
more free nitric acid than is necessary to prevent its being 
precipitated by addition of pure water. Such a solution, 
however, is precipitated by chlorides; hence the reaction 
is not applicable in presence of appreciable quantities of 
chlorides. Sulphates also interfere with it 

424. (d) In nitric solutions of phosphates of any kind, 

(6.) If such a solution is added to a large excess of one 
of molybdate of ammonia in nitric acid* (which must contain 
at least 30 parts of MoO, for every one of PjOs present), the 
whole of the phosphoric acid is, after softie time in the cold, 
but more readily on heating, precipitated in the form of 
yellow crystalline powder of the approximate composition 
ioMo08.P04(NH4)„ which, though slightly soluble in 
water, and easily soluble in caustic ammonia, and in excess 
of phosphoric acid, is quite insoluble in the reagent and 
insoluble also in moderately strong solutions of nitrate of 
ammonia, even in presence of free nitric acid. The precipi- 
tate therefore must be washed with one of the two liquids 
named, not with water. The bases remain in solution as 
nitrates. From the ammonia solution of the precipitate the 
phosphoric acid can be precipitated by means of magnesia 
mixture. (See No. 4.) In presence of chlorides the reaction 
loses much of its sensibility, and may even fail altogether. 
Arsenic acid behaves to the molybdate like phosphoric ; 

* zoo grms. of molybdic acid are made into a milk with aoo grms. of water and 
dissolved by gradual addition of the least siifficient quantity of strong ammonia ; and 
this solution is then poured into 1350 cc. (=1500 grms.) of mtric acid of z'a spec 
gravity. The mixture is allowed to stand in a warm place for twenty-four hours to 
allow any phosphoric acid that may be present to separate out, and then decanted off 
the predpitAtt, 
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only the precipitate requires a temperature of at least 40° C. 
for its formation. Silicic acid causes a yellow colour, similar 
to that produced by traces of phosphoric or arsenic acid, 
but forms no precipitate. The only acids which, in the 

application of this test, are liable to be mistaken for ortho- 
phosphoric acid are pyro- and metaphosphoric acids ; these 
two being, by the action of nitric acid in the heat, gradually 
converted into the ortho-acid. Arsenic acid is, of course, 
easily distinguished and separated from phosphoric by means 
of sulphuretted hydrogen. (Comp. § 46.) 

425. Separation of Phosphoric acid from Bases. 

From the solution of a mixed phosphate — which, for the 
sake of generality, we will assume to have been prepared 
with nitric acid, and to actually contain all the bases to be 
named, 

Silver^ mercurosutn, and as a rule part of the lead, can be 
precipitated in the usual manner by means of hydrochloric 
acid ; and from the filtrate, after removal of the nitric acid 
by repeated evaporation with hydrochloric acid, what is 
left of 

Metals of the copper or arsenic group can be completely 
precipitated by means of sulphuretted hydrogen. The phos- 
phoric acid passes into the filtrate along with the metals of 
the iron, barium, magnesium, and potassium groups. If 
such a filtrate should contain no other metals than 
Fe, [Cr?] Ni, Co, Mn, Zn, these may be precipitated, 
and separated from the phosphoric acid, by addition of 
excess of ammonia, sal-ammoniac, and sulphide of am- 
monium. If the mixture contain an excess of the latter 
reagent, and be kept at a gentle heat for some time previous 
to filtration, the whole of the phosphoric acid passes into 
the filtrate as ammonium salt. If, however, the solution 
contains alumina, magnesia, lime, baryta, strontia, then these 
bases are precipitated by the reagents named as phosphates ; 
and the precipitate obtained consec\ueiv\\^ xxva.^ ^<^^^^^^ "^ 
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very complex composition. Hence, in the general case, it 
is better, after removal of the copper and arsenic groups, 
to begin by peroxidizing the iron, and then — after due 
concentration — to precipitate the 

Barium^ strontium^ and calcium^ by means of sulphuric 
acid* and alcohol (according to §§ 200 et seqq,^ 225), and 
to examine the filtrate, after removal of the alcohol by 
evaporation, for the rest of the metals, as shown in §§ 200 
et seqq,y and in §§ 281 et seqq. The detection of phosphoric 
acid in such a filtrate, as in fact in any solution freed by 
means of sulphuretted hydrogen from copper group and 
arsenic group metals, offers no difliculty. We need only 
eliminate what can be precipitated by means of sulphide 
of ammonium, and search for phosphoric acid : in the filtrate 
by means of magnesia mixture, in the nitric solution of the 
precipitate by means of molybdate of ammonia. 

Special methods 

for the separation of phosphoric acid from certain groups of 
bases may be founded upon the following data : — 

426. By ftision with excess of carbonate of soda the 

phosphates of all the metals of the iron group (except 
altuninimn) and of magnesium can be completely decom- 
posed into (soluble) alkaline phosphate and (insoluble) 
metallic oxide or carbonate. The phosphates of A1,0,, 
(Ba, Sr, Ca)0 are not decomposible in this manner. 
The phosphates named as being decomposible by fusion 
with carbonate of soda, when given as recently formed 
precipitates, can be decomposed likewise by continued 
boiling with, caustic potash or soda, or even with carbonate 
of alkali solution. 

427. Separation of Phosphoric acid from the oxides of 
the iron group (except alumina) and of the barinm and 

* The same reagents may serve to separate phosphoric add from lead. 
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ziiagnesitim groups. Ferric (and aluminic) phosphates 

are insoluble in acetic acid, while the recently precipitated 
phosphates of barium, strontium, calcium, magnesium, 
manganese are soluble in this menstruum. A dilute solu- 
tion oi ferric (aluminic) acetate, if not too strongly acid, is 
completely decomposed by boiling into a precipitate of 
basic acetate of the base and a solution of acetic acid. If 
the solution contained ferric phosphate (which is appreci- 
ably soluble in ferric acetate) this salt is on boiling pre- 
cipitated along with the basic acetate. Upon these facts 
may be founded the following method of separation which 
will frequently be found useful, especially in the analysis 
of native phosphates, of the ashes of plants, and other 
mixtures containing phosphates. The substance is dissolved 
in hydrochloric acid, the iron peroxidized by means of 
nitric acid or chlorate of potash and the excess of free acid 
removed as far as possible by evaporation. The residue is 
then diluted largely with water and an excess of solid 
acetate of soda dissolved in the liquid. All that is potentially 
present of ferric (and aluminic) phosphate is thereby pre- 
cipitated in the form of a yellowish gelatinous mass. If the 
iron predominates over the phosphoric acid, the mixture 
assumes the brown red colour characteristic of ferric acetate, 
and some of the phosphate of iron remains dissolved. 
Should this colour not show itself, ferric chloride must 
be added until the mixture is intensely brown-red. All 
these operations must be done in the cold. The mixture 
is then boiled, filtered in the heat, and the precipitate 
washed with hot water. The precipitate contains all the 
iron (all the alumina) and all the phosphoric acid; the 
protoxides (MnO, BaO, CaO, MgO, etc.) pass into the 
filtrate. (Comp. § 206.) 

428. Tin method. — Upon the fact that metastannic acid 
when formed by the action of nitric acid on tin in presence 
of phosphoric acid, unites with this acid into a compound 
insoluble in nitric acid, -^<?y«t7x^ has founded a vxv^lV^'^^^'^'v. 
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the analysis of phosphates which is of very general applica* 
bility. The substance is brought into solution by means 
of nitric acid. Certain native phosphates are not readily 
disintegrable by nitric acid ; these must be decomposed by 
means of hot concentrated hydrochloric acid, and from the 
solution the hydrochloric acid be expelled by repeated 
evaporation with strong nitric acid. This having been done, 
a quantity of metallic tin — which should amount to about 
eight times the weight of PjOs present — is placed in the 
acid liquid, and the whole digested until the metal is com- 
pletly oxidized. The mixture is then diluted, allowed to 
settle, and filtered. The filtrate contains all the bases as 
nitrates — except small quantities of Fe^Os and AlsOa, which, 
as a rule, are carried down by the oxide of tin along 
with the phosphoric acid. To analyse the precipitate 
[SnOj+xPj06+y(FejO„ AljO,)] it is dissolved in caustic 
potash, the solution saturated with sulphuretted hydrogen 
(when the AljOs, FejO, are precipitated, the AUOs as phos- 
phate) and filtered. From the filtrate the phosphoric acid is 
precipitated by means of magnesia mixture. 

429. Pyrophosphoric acid P,0g2H,0. — (Regarding mode of forma- 
tion see § 417.) A solution of this acid in water, like that of the 
ortho-acid, does not coagulate albumen. When neutralized with an 
alkali, it gives white precipitates with chloride of barium^ chloride of 
calcium^ nitrate of silver. Sulphate of magnesia gives a white precipitate 
P,0,Mg, soluble in excess of reagent, and in excess of alkaline 
pyrophosphate. From the solution the magnesia salt is re-precipitated 
on boiling, but not on addition of ammonia, Molybdate of ammonia 
(in nitric solutions) gives no immediate precipitate in the cold; on 
standing, the pyro- is changed into the ortho- acid, which then pre- 
cipitates the reagent 

480. Metaphosphoric acid P,OgH,0. — (Comp. §417.) An aqueous 
solution of this acid coagulates albumen. When neutralized with an 
alkali, it gives with nitrate of silver a white precipitate of the com- 
position AgPOg. The neutral solution is not precipitated by magnesia 
mixture. Molybdate of ammonia behaves to this as it does to the pyro- 
acid. 

481. Metallic Anorthophosphates,—T\iQ two hydrates P,O.H,0 and 
P^0^2H,0 serve as the starting-points for the preparation of at least 
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eight distinct classes of anorthophosphates, each of which corresponds to 
a particular t3rpical anorthophosphoric acid. The reactions of these 
different acids are as yet little understood. All we can afford to state 
here is that anorthophosphates, whether viewed as derivatives of the 
respective bases or as derivatives of the hydrates from which they were 
prepared^ present endless anomalies. They are however easily enough 
identified as compounds of P,Og, as they can all, either by prolonged 
heating with mineral acids, or, if this method fails, by fusion with 
excess of alkaline carbonate, be converted into orthophosphates, and 
analysed as such. 

432. Of Organic Phosphorus Compounds 

the following may be named : 

(I.) Compoiind phOBphlnes : substances derived from PHa or nPHs 
by the substitution for i, 2 ... equiv. of an alcohol radicle for I, 2 ... 
atoms of hydrogen. These organic phosphines are all strong bases, 
analogous in their reactions to the corresponding NHs-derivatives. The 
best known phosphines are : Triethylphosphine P(CsH6)8 and trimethyl- 
phosphine P(CH8)8 : both colourless, volatile liquids, insoluble in 
water, but soluble in aqueous acids, with formation of stable salts, e.g, 
P(C8H5)8.HI. Like the corresponding nitrogen-bases they unite with 
the iodides R'l (where R'^CH8, CjHs...) into phosphonium-iodides 
(ex. : P(CjHb)4I) which, when treated with water and oxide of silver, 
yield solutions of the strongly basic hydrates PR'4.0H. A point in 
which they differ from monamines is the facility with which they unite 
directly with ordinary oxygen into oxides of the composition PR'3.0. 

(2.) Fhosphorous and phosphoric ethers, ue. phosphites and phos^ 
phates of methyl-, ethyl-, etc., alcohol. Each of these alcohols forms 
three phosphites and phosphates, viz. : — 



Phosphites. 


Phosphates. 




(POH).(OH)i .' .' .' 


P0.(0H)8 .... 


3-basic 
2-basic 
I -basic acids. 


POR'.(OH)2. . . . 
POR'.(OR')OH . . 


P0.*(0R)(bH)8 1 • • 
PO.(OR')fOH . . . 


POR'.(OR)2 . . . 


PO.(OR')8 .... 


Neutral Ethers. 



All these organic phosphites and phosphates when heated with 
water — and their salts when heated with dilute mineral adds — are more 
or less readily resolved into their respective alcohols and POsHs or 
PO,H,. 
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(3.) The socalled protein-salNitaiices (albumen, fibrine, caseine, 
etc.) all contain phosphorus, part of which is, in general, present as 
phosphate, while the rest forms part of oi^^anic radicles. 

All organic phogphonis componnds when treated in the 
heat with concentrated nitric acid^ which, in the case of 
volatile substances, should be done in sealed-up tubes — are 
changed so that the phosphorus is either converted into 
orthophosphoric acid, or at least into some compound 
phosphoric acid, which, when fused, as alkali-salt, with 
alkaline nitrate, is converted into orthophosphate. 

433. Summary. 

All phoQplionis componnds, not salts of P2O5, when treated 
with the proper kind of oxidizing agent, are converted into 
orthophosphate, A complete oxidation can always be effected 
by the action at a red heat of a mixture of alkaline nitrate 
and hydrate or carbonate. 

Metallic anorthophosphates when fused with alkaline car- 
bonate, have their phosphorus converted into orthophosphate. 

Phosphides, hypophosphites, phosphites, if decomposible 
by dilute acids, can be distinguished from phosphates by 
their giving phosphine^ when treated with nascent hydrogen. 
(See § 416.) 

Aqueous solutions of hypophosphites and phosphites can 
be recognised by their power of reducing aqueous nitrate of 
silver, mercuric chloride, sulphurous acid (and other agents), 
with formation of orthophosphoric acid. Magnesia mix- 

ture precipitates neutral orthophosphcUe^ but does not pre- 
cipitate the salts of the two lower oxides. 



V. BORON. 

434. Elementary Boron (as prepared by the decom- 
position of fluoride of boron gas (BoFs) with potassium at a 
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red heat) forms an olive-brown powder, which, in absence 
of air, can be heated to whiteness without fusing. When 
heated in air, it bums mostly into trioxide (B02O8), the rest 
into nitride of boron. Boron does not decompose (liquid) 
water, but is slightly soluble therein. It is insoluble in 
solutions of ordinary salts. Nitric acid converts it into 
boracic acid. The oxidation of boron into its trioxide can 
also be effected by fusion with hydrate, carbonate, acid 
sulphate, or nitrate, of fixed alkali. Boron when heated in 
chlorine is converted into the chloride BoClj. There 

is another allotropic modification of boron, called adamantine 
boron on account of its similarity in physical properties 
to diamond. Such adamantine, like ordinary, boron bums 
in chlorine, but it is scarcely oxidizable by nitric acid, nor 
even by fused nitre. What was formerly called 

^graphitic boron ' is boride of aluminium AIB02. 

435. Boric oxide B02O3 (Syn. Boric anhydride; anhy- 
drous * boric acid ') is a colourless solid, fusible below a red 
heat into a viscid liquid, which on cooling hardens into a 
colourless transparent glass. Boric oxide, although when 
heated for itself it proves perfectly fixed at a red heat, and 
volatilizes only at an intense white heat, is very appreciably 
volatilized even at (and perhaps below) the former tempera- 
ture, when at the same time exposed to a current of steam, 
and still more so in alcohol-vapour. The fused oxide 
readily dissolves metallic oxides with formation of borates, 
and when fused together with salts of more volatile acids 
with fixed bases, expels these acids (Ex. : K2ON2O5+ 
Bo208= K20Bo203+dissociated N2O5). It readily dissolves 
in hot water with formation of 

436. Boric acid (Syn. Boracic acid), which on cooling 
separates out in the form of scales of the composition 
Bo20s.3H20=2Bo(OH)3, possessing a mother-of-pearl lustre 
and a fatty feeling. The crystals dissolve in about 25 parts 
of cold water. The solution behaves like a weak aqueous 
acid ; it colours blue litmus solution wiii^-ied \ \\. ^k-V^ ^"c^ 
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alkaline hydrates, but does not neutralize completely their 
action on litmus ; it decomposes alkaline carbonates. But 
the borates formed can be partially re-decomposed by excess 
of carbonic acid. The aqueous acid has the singular and 
characteristic property of colouring (yellow) turmeric paper 
brown-red; the colour becomes more intense on drying. 
When the solution is evaporated, and especially when it is 
boiled down, a considerable portion of the acid volatilizes 
with the steam. Both the acid and its anhydride 

dissolve in alcohol ; the solution when kindled burns with a 
characteristic green flame, and when boiled down 3delds 
vapours which are even richer in B02OS than those formed 
from the aqueous solution. 

437. Borates. — Boric acid is of variable basicity, and con- 
sequentlyforms a great variety of salts with basic oxides. With 
soda it forms at least three distinct salts, viz. : the normal bo- 
rate Na4Bo408+i6H20; 'Borax,' Na^HaBo^Os+Q or 4H2O; 
the triacid borate NaHsBo408+7H20. Alkaline borates 
are readily soluble in water ; the solutions are alkaline to 
test-paper. Most other borates are difficultly soluble, but 
none are quite insoluble, in water ; hence there is no sensi- 
tive precipitant for borates. The solutions of all borates, 
except the more basic potash and soda salts, lose some 
of their acid on evaporation. The best known of all 
borates is 

Borctx. — This salt forms two crystalline hydrates. When 
a solution saturated above 79° is allowed to cool slowly, 
then between 79° and 56° it deposits octahedral crystals of 
Na20.Bo20s+sH20, while the mother liquor (from 56° 
downwards) deposits prismatic crystals belonging to the 
monoclinic system, of * ordinary borax' Na20.Bo20s+ 10H2O. 
The octahedral crystals are stable, the prismatic ones 
effloresce, in dry air. Either hydrate, when heated, readily 
melts in its crystal water, which on further heating is ex- 
pelled, and, on account of the viscidity of the melted salt, 
the anhydrous salt remains as a very voluminous, spongy 
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mass. This mass ('calcined borax') fuses at a red heat 
into a viscid liquid which, on cooling, hardens into a colour- 
less transparent glass. That the anhydride when in the 
state of fiery fusion, has the power of dissolving metallic 
oxides with formation of borates which, in general, are 
soluble in the excess of * borax-glass,' must be supposed 
to be known to the student. 100 parts of water dis- 

solve at 20°, 7*9 parts, and at 90° 120 parts of ordinary 
borax. Moderately strong solutions behave to reagents as 
follows : Nitrate of silver gives a white precipitate of borate 
of silver. When the solution is diluted sufficiently with 
water, the salt undergoes dissociation and the dilute liquid 
now precipitates from the reagent brown oxide of silver. 
Nitrate of lead gives a white precipitate soluble in 
excess of the reagent Chloride of barium gives a 

white precipitate soluble in excess of reagent and also in 
sal-ammoniac. These three precipitates are soluble in dilute 
nitric acid. Hydrochloric acid (excess) produces free 

boric acid, which from concentrated solutions may partially 
separate out in crystals. In dilute solutions, the presence 
of free boric acid can be demonstrated by means of turmeric 
paper, which, when soaked with the acid mixture, at first 
remains unchanged, but on being dried on a warm porcelain 
plate soon assumes the red-brown colour characteristic of 
boric acid. This test is very sensitive, and in a high 
degree characteristic ; of all oxides which can possibly be 
present in an alkaline solution of alkaline salts, the only one 
which acts on turmeric like boric acid is zirconia, an oxide 
of very rare occurrence. All these tests apply also, 

substantially, to other alkaline borates than borax. 
. 438. Flame-tests. — Any solid borate when mixed with its 
own weight oi fluor-spar and 4*5 times its weight of bisulphate 
of potash^ and then exposed to the blue cone of an oxidizing 
blowpipe flame, imparts to the outer flame the green colour 
characteristic of glowing B02O3. Most borates when 

mixed with concentrated sulphuric add ylAd it^^ X^^-wjcsk. 
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acid, which on addition of alcohol dissolves. The solution 
consequently, when kindled, burns with a flame which, at 
the edges at least, exhibits the green boron-colour. The 
colour is best seen when the flame, after having been blown 
out, is re-kindled. Whether the one or the other of these 
flame-tests be adopted, a positive result is decisive only if 
all foreign substances which are capable of producing a 
green flame-colour are proved to be absent The following 
is a list of these substances : — Haloids of copper^ thallium' 
salts, tellurous oxide, baryta-sz[is (especially the chloride), 
molyhdic add, phosphoric acid, chloride of ethyl (This ether 
is always produced in the case of the alcohol test, when 
the substance contains chlorides.) 

439. For the detection of boric add in a complex mixture 
of salts, the most generally applicable method is, after 
removal of the copper and arsenic group metals by means 
of sulphuretted hydrogen, to precipitate in the heat with 
excess of carbonate of soda, to filter, and to the filtrate to 
apply the turmeric-paper test. The volatility of boracic acid 
with vapour of water and of alcohol (which creates such difficulties in 
quantitative analysis) in qualitative analysis, might perhaps be advan- 
tageously applied for the concentration of small quantities of the acid 
diffused through a mass of foreign salts. The correct modus operandi 
probably would be to decompose the salts with concentrated sulphuric 
acid and, after addition of enough of water for rendering any hydro- 
chloric or nitric acid that might be present non-volatile, to subject the 
mixture to a prolonged distillation ; replacing from time to tinie the 
water that has distilled over. If the distillate contained hydrochloric 
or nitric acid, these might be removed by re-distillation with enough 
of sulphate of soda to fix these acids by means of the reaction 
Na,SO^-|-H(Cl or No,)=NaHSO^-|-Na(Cl or NO,). The purified 
distillate, if supersaturated with soda and then evaporated to dryness, 
would furnish part at least of the boric oxide originally present in a 
concentrated form. 
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VI. SILICON. 

440. The ^ Free Element' 

exists in three allotropic modifications. Amorphons Silicon, 
as prepared by decomposing fluosilicate of potassium with 
metallic potassium in the heat [i.e, by realizing the reaction 
SiFeK,+K4 = 6KF+Si), and extracting the fluoride of 
potassium by means of water — is a dull brown powder soiling 
the fingers, heavier than water, which does not attack it, 
even on boiling. It is not acted on by nitric or sulphuric 
acid, but readily dissolved by hot caustic potash ley^ as also 
by aqueous hydrofluoric acid, with formation of alkaline 
silicate, and of fluoride of silicon, respectively. When 
heated in chlorifie it is transformed into chloride of silicon^ 
a volatile liquid, boiling at 50°. When heated in air it 
bums into silica SiOj. When heated in an inert atmosphere, 
it at first shrinks greatly and assumes a darker colour, and 
at last, at a white heat, melts ; and when subsequently allowed 
to cool it hardens into a steel-grey metallic-looking mass. 
Strongly heated silicon seems to be chemically identical 
with 

Graphitoidal Silicon. — When aluminium is saturated with 
silicon at high temperatures and then allowed to cool, this 
modification of silicon separates out in crystals, which can be 
isolated by dissolving away the aluminium with hydrochloric 
acid. Graph. Si forms graphite-like shining hexagonal tables 
of spec. grav. 2*49. By the action on aluminium, kept fused 
at a very high temperature, of hydrogen and chloride of 
silicon can be produced 

Adamantine Silicon. — Iron-grey iridescent crystals, derived 
apparently fi-om the rhombic octahedron, and, like diamond, 
often exhibiting curved faces. The crystals are hard enough 
to scratch glass. The crystalline modifications differ from 
the amorphous one mainly by their lessei cVitm\c.?\ ^s:.^«HSS:i» 
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Graphitoidal and fused silicon at least can be heated even 
to whiteness in pure oxygen without burning, and do not 
dissolve in any acid except in nitro-hydrofluoric. 

441. Silica SiO, 

occurs abundantly in nature,bothfor itself and in combination 
with metallic oxides, as ^ silicate,^ The numerous minerals 
which consist substantially of free silica may be divided 
into the following classes : 

(i.) Crystalline Silica (ex., quartz, rock-crystal, amethyst, 
etc. etc.) This modification forms resplendent, transparent, 
hexagonal crystals (mostly combinations of the hexagonal 
prism with the pyramide), which are harder than glass, but 
less hard than corundum. Spec. grav. 2*5 to 2*8. There is 
a particular modification of native cr3rstalline silica, called 

(2.) THdymite^ which differs from the ordinary forms (i.) 
mainly in its specific gravity, which lies about the value 2*3. 

(3.) Amorphous Silica (ex. Opal). 

Less hard than the crystalline forms ; spec. gr. 1.9-2.3. 

/%«/, cameoly and certain other varieties of native silica, 
are mixtures of the ordinary crystalline, and of the amor- 
phous, modifications. 

Artificially, silica can be prepared in various wa)rs, for 
instance by the dehydration of any of the hydrates (q. v.) 
by the aid of heat, when it remains in the form of a white 
amorphous very voluminous powder, which when heated 
is very mobile and flows almost like a liquid. 

Silica is absolutely non-volatile, and does not fuse at even 
the highest temperatures producible by means of a blow- 
pipe flame or an ordinary fiimace. In an oxyhydrogen 
flame, however, it melts into a colourless and transparent 
viscid glass. 

At high temperatures, and in opposition to most non- 
vo7at(J§M|dlic oxides and their compounds with water or 
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volatile oxygen-acids, silica behaves as a powerful acid- 
anhydride. With most of these oxides it is capable of 
uniting in a great variety of proportions into * silicates/ and 
these are mostly fusible ; hence, although real silica is 
absolutely infusible at a white heat, impure silica may fuse, or* 
at least * frit,' even at lower temperatures. Silica is easily 
recognised by the following * 

Blowpipe tests. — When heated {on a platinum wire) with 
carbonate of soda^ it readily fuses together with the soda with 
evolution of carbonic acid and formation of a bead, which, if 
a sufficiency of silica is present, remains clear and transpar- 
ent on cooling. Silicates rich in silica behave like pure 
silica. When fused with microcosmic salt (i.e. with 

metaphosphate of soda) it remains undissolved. If a silicate 
is heated in a microcosmic salt bead, the bases are dissolved 
while the silica (if present in sufficient quantity) separates 
out in the form of a * skeleton ' which retains the form of 
the original specimen. 

442. Hydrates of Silica. 

The dioxide Si02 does not combine directly with water, 
but hydrated silica exists ready formed in nature. The so- 
called * Infusorien-Erde^ for instance, of which large deposits 
are found in the Liineburger Heide in Hanover, consists 
substantially of powdery amorphous hydrated or partially 
hydrated silica. Besides, hydrated silica can be produced 
artificially in various ways ; for instance, by the decomposi- 
tion of chloride of silicon or oi fluoride of silicon by water ; 
from numerous silicates by decomposing them with hydro- 
chloric or sulphuric acid. In all these reactions the silica is 
separated out in the form of gelatinous precipitates or of 
coherent jellies — from certain silicates it is obtained in the 
form of a powder — consisting of highly unstable hydrates of 
rather indefinite composition. All these hydrates readily 
give up part of their water on mere exposure to the air, 
and the rest at temperatures far below dull redness, "Sx^or 
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pitated hydrated silica ('silicic acid') in all its forms is 
almost insoluble in water and in dilute acids, and yet, in 
the decomposition of a silicate by aqueous acids, a part of 
the liberated silica always remains dissolved — ^as ^colloidal 
silica^ (n(Si02.xH20) — where n is probably a very large 
number). When a solution of alkaline silicate is poured 
into an excess of dilute hydrochloric acid, the whole of the 
silica remains dissolved in the colloidal state, and when the 
mixture is subjected to dialysis, i,e, made to communicate 
with a mass of pure water through a membrane of vegetable 
parchment (or of other ' colloidal ' matter), the chlorides 
gradually pass out into the water, and there is ultimately 
obtained a pure aqueous solution of colloidal silica, which 
can be boiled down undecomposed in a flask till it acquires 
a strength of about 14 per cent, of SiOs. When such a 
solution is mixed with even small quantities of certain sub- 
stances, e^. carbonate of soda, it at once solidifies into a 
jelly. When a solution of colloidal silica (in water or 

hydrochloric acid, etc.) is evaporated to dryness and de- 
hydrated as far as possible at 100^-105°, the silica is 
rendered absolutely insoluble in water and acids. 

443. Solubility Relations of Silica and its Hydrates. 

Gelatinous hydrated silica is nearly, and anhydrous silica 
— in all its forms — absolutely, insoluble in water and in 
ordinary dilute acids. A boiling solution (saturated in 

the cold) of carbonate of soda, dissolves all kinds of precipi- 
tated silica, even if it has been previously dehydrated at or 
below a red heat ; in the latter case, however, the solution 
takes the longer the more strongly the precipitate had been 
heated. The solution, when diluted and allowed to cool, 
deposits almost the whole of its silica as a gelatinous preci- 
pitate. Native silica of any of the three classes named 
under (i.), (2.), (3.), on page 260 is not appreciably 
attacked by this solvent. Caustic potash ley in the 

hesit readily dissolves all kinds of artificial silica, and also — 
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though somewhat less readily — ^finely powdered native 
amorphous silica. The native crystalline modifications are 
not much attacked. All kinds of silica^ if in a sufficiently 
fine state of division, are easily dissolved by aqueous hydro- 
fluoric acid with formation of a solution of Jiydrofluosilicic 
add^ which, on evaporation to dryness in a platinum basin, 
leaves no residue. 

444. Silicates^ 

of all classes of salts, are the ones of which nature supplies 
to us both the greatest variety and the greatest abundance. 
The greater part of the known portion of the earth's crust 
consists of silicates. Besides these minerals there are a 
great many silicates which have been produced by dry-way 
operations. Silicates resulting from wet-way processes have 
as yet been little investigated. Silicates, both in regard to 
the combinations of bases which may be associated together 
in one species, and in regard to the proportions in which these 
bases and the SiOj may be combined with one another, 
exhibit such an immense diversity of composition, that 
chemists, to formulate these compositions, have had to 
invent a whole series of fictitious silicic acids: nSi(0H)4— 
mH20, where n = i, 2, 3,... and m = o, i, 2,... and 2 m 
< 4 n, and besides, to assume that any two isomorphous 
silicates of analogous atomic constitution may crystallize to- 
gether in an infinite variety of proportions into homogeneous 
molecular mixtures. This, in regard to the majority of 
native silicates, comes very nearly to the same as saying 
that these minerals are compounds a^\0% -f- ^(Al, Fe)208 + 
r(Mg, Ca, K2, Nag, H2)0 + ^Aq, where a, b^ c . , ., sup- 
posing even the formula to be on its lowest terms, may 
assume a great number of different values, and any, 
except a, may be = o. The law of limitation is not 
known. But it may be stated that in the vast majority of 
native silicates, the ratio 2a: (3b -fc) has b^^XL iovxsA \a 
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eluding carbonic; but of the silica thus liberated only a 
part separates out (as a gelatinous precipitate), while the 
rest remains dissolved as colloidal silica. (Comp. § 442.) 
Calcium^ barium^ lead, silver salts precipitate silicates 
of indefinite composition, which are all readily decomposed 
by acids. Excess of sal-ammoniac (especially in the 

heat), and also carbonate of ammonia^ precipitate the silica 
almost completely. 

447. Analysis of Silicates. 

Silicates, from the stand-point of the analyst, may be 
classified as follows : — 

(i.) Such as are soluble in water: alkaline silicates only. 

(2.) Silicates which, though insoluble in water, when 
finely powdered, can be completely disintegrated by means 
of hydrochloric acid. To this category belong the majority 
of those native silicates which contain chemically combined 
water, for instance the * zeolites ' (Natrolite, stilbite, etc.), and 
most of the slags formed in metallurgical operations. The 
zeolites, when dehydrated by ignition, are, as a rule, no longer 
decomposible (practically) by hydrochloric acid. There are, 
on the other hand, some silicates which are more easily 
disintegrated after ignition than they are in their natural 
state (Exx. Garnet, Epidot). Wallastonite, leucite, lapis- 
lazuli are examples of anhydrous silicates, which, in their 
natural state, are readily decomposed by hydrochloric acid. 
To analyse a silicate of this class, it jnust first of all be 
reduced to an impalpable powder. A convenient quantity 
(say one gramme) is then digested in a porcelain basin with 
hydrochloric acid until the undissolved part consists entirely 
of soft silica (no longer grits under the stirring-rod). Some- 
times the strong, in other cases the dilute, acid works better. 
The mixture is evaporated to dryness, and dehydrated as 
far as possible at a temperature of ioo°-io5° to render the 
whole of the silica insoluble, and the residue, after cooling, 
moistened with strong hydrochloric acid, and aUo^^<i \.^ 



266 N on- Metallic Elements. 

stand for about half an hour, to reconvert into normal 
chlorides any alumina or oxide of iron that may have been 
formed. The mass is now treated with hot water, when all 
the silica remains as an insoluble powder, while the metals 
pass into solution as chlorides. 

(2.) a. By way of appendix to class (2.) it may be stated 
that there are a few silicates which, though not completely 
decomposible by hydrochloric acid, can be easily disin- 
tegrated by treatment in the heat with oil of vitriol, diluted 
with about one-third of its weight of water. The kaolins 
and clays belong to this class. 

(3.) Silicates not decomposible by ordinary acids. — ^This 
class forms the great majority. Keeping aside a very few 
exceptions, all these silicates (and, of course, afortioriy all 
those of classes (2.) and (2) at, can easily be disintegrated by 
fusion with alkaline carbonate. Reduce the silicate to an 
impalpable powder, mix one gramme of it with from 2-4 
grms. of dry carbonate of soda — ^with more or less according 
to the nature of the substance — and heat the mixtiure in a 
platinum crucible, first for some time on a simple Bunsen's 
lamp, and then over a gas blowpipe, until the fused mass no 
longer froths up from carbonic acid. This point will be 
reached after about \ox\ hour's heating. If, instead of 
carbonate of soda (or potash), a mixture of thirteen parts of 
carbonate of potash and ten parts of carbonate of soda be 
used — ^which fuses much more easily than either of its two 
components does — the disintegration can often be completed 
over an ordinary Bunsen's lamp. The fused mass is digested 
with water in a porcelain basin until it is completely softened 
up, then supersatiurated with hydrochloric acid, arid the mix- 
ture treated as in the case of a silicate decomposible by acids. 
For practical reasons the filtrate from the silica is unavailable 
for the detection even of that one of the two alkalies which 
may not have been introduced with the dismtegrating reagent. 

Of methods of disintegration allowing of an examination 
for alkaiiesj the best is to decompose the silicate with hydro- 
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fluoric acid, and the most convenient form in which this 
reagent can be applied is that of fluoride of ammonium. 
Mix one gramme of the very finely powdered silicate with 
3 to 4 grms. of the solid fluoride in a platinum basin, moisten 
the mixture with dilute sulphuric acid (which must be suffi- 
cient, but not immoderately more than is required to convert 
the bases into sulphates), and next heat on a water-bath as 
long as visible vapours (SiF4, etc.) are going off. Then 
gradually raise the heat — always stirring up with a platinum 
spatula — until the whole of the fluorine and the excess of 
sulphuric acid are expelled.* The residue is free from 
silicon, and contains the bases as sulphates, which, as a rule 
(/>. in absence of BaSO* and PbSO*), are all readily soluble 
in water acidified by hydrochloric acid. Many silicates 

can be completely decomposed by means of baiyta^ 
/>. Ba(0H)2. Mix one gramme of the finely powdered 
silicate intimately with four grammes of the reagent, and 
expose the mixture in a platinum crucible for half an hour 
to the highest temperature producible by means of a 
Bunsen's lamp. The ignited mass — which is sometimes 
fused, sometimes only 'sintered' — is decomposible by aqueous 
hydrochloric acid. The rest requires no explanation. 

According to Lawrence Smith all native silicates can be 
completely decomposed by means of the following process : 
— Mix o*5 gramme of finely powdered silicate with 4 grms. 
of precipitated granular carbonate of limet and 0*5 grms. of 
sal-ammoniac, and heat the mixture in a platinum crucible, 
first gently from above downwards, until the sal-ammoniac 
is all converted into chloride of calcium, then for a time on 
a Bunsen's lamp, and at last for half an hour over a gas- 
blowpipe. The sintered mass when digested with water 

* This operation, on account of the poisonous nature of the hydrofluoric acid 
vapours, must be conducted in a good draught-place, and it is just as well also to 
protect the hand which governs the spatula ^by rubbing it with grease, and then 
covering it with a glove. 

t Prepared by precipitating a dilute solution of chloride of calcium, at 70*, with 
excess of carbonate of anunonia, and washing the precipitate wlth.bnX'<wd2tAx« 
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until the excess of lime is completely slacked, and then 
filtered in the heat, yields a liquid free fi-om silica, and 
containing the whole of the alkali-metals as chlorides. 

448. The * Silica ' obtained in a Silicate analysis 

is not unfrequently contaminated with alumina, oxide of 
iron, or undecomposed silicate, and occasionally is found to 
contain traces of certain rare foreign acids, e.g, titanic ; in 
exact analyses therefore, it should never be taken for 
what it is supposed to be before its purity has been proved. 
The best test is to subject it to the fluoride of ammonium 
process just described for silicates. Pure SiOa will of course 
leave no residue ; foreign oxides (including Ti02) remain as 
such, or as sulphates. 

449. Hydride of SUicon (SiF4?). — Known only as an admixture of 
the hydrogen obtained in the decomposition of certain silicides {e,g, of 
magnesimn) by dilute hydrochloric acid. Such hydrc^en is spon- 
taneously inflammable, and bums with formation of a smoke of silica. 
The gas when passed through a red-hot tube, deposits amorphous 
silicon. The flame deposits stains of the same substance on a porcelain 
plate held in it In nitrate of silver the gas produces a black precipitate 
of metallic and silicide of silver. 



VII. FLUORINE. 

450. Fluorine^ F, though widely diffused, is little abundant. Of the 
small number of minerals which are essentially fluorine compounds, the 
most important are fluorspar CaFj (found chiefly in Derbyshire), and 
cryolite AlNaF^, of which large and very pure deposits exist in Green- 
land. Phosphate of lime, in all its native forms, is invariably accom- 
panied by fluoride of calcium. In phosphorites, coprolites, fossil bones, 
the quantity of this constituent, as a rule,amounts to several per cents. ; 
a fossil bone analysed by Baumert contained lyY^ of CaFa. The bones 
of all vertebrata contain small quantities of fluoride of calcium.* 
Traces of fluorine are met with in many silicates, e,g, in the trap rocks 
of Edinburgh, and in the granite of Aberdeenshire. 

* Heintz found in the inorganic part of a human thigh-bone 3 per cent, of CaFy. 
According to Nicies, however, bones contain only about 5 Ctgr. of fluorine per 
Idlognmme. 
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Elementary Fluorine^ 

as also the oxides and hydroxides of the element, are un- 
known. 

451, Hydrofluoric Acid 1^ ^ 

*fonns (at 15°) a colourless mobile liquid of 0*9879 spec, 
grav. at i2°'8 which boils at i9*°4 but far below this 
temperature emits copious vapours. It does not freeze 
even at — 34°*5. It is very hygroscopic ; the vapours when in 
contact with moist air form dense clouds. It is abundantly 
dissolved by water, with evolution of much heat. The 
behaviour of the aqueous acid on boiling is similar to that 
of hydrochloric acid ; the hydrate which distils unchanged 
at the ordinary atmospheric pressure has the approximate 
composition HF.2H2O. The action of hydrofluoric vapours 
on the respiratory organs is not unlike to, but infinitely more 
violent and dangerous than, that of hydrochloric acid. 
Pure anhydrous fluoride of hydrogen (whether liquid or 
gaseous) does not act on glass ; but if even slightly con- 
taminated with moisture, it corrodes glass (and silicates 
generally) most powerfully.* The aqueous acid acts simi- 
larly to the gas ; the first step in the reaction always being 
Si02+4HF= SiF^-f 2H2O. Aqueous hydrofluoric acid 

acts readily on most ordinary metals ; lead, silver, platinum, 
and gold, however, are not attacked. Titanium and graphi- 
toidal silicon are not attacked by the pure aqueous acid, 
but dissolved by a mixture of it with nitric acid. Gold and 
platinum are not affected even by nitro-hydrofluoric acid. 

452. Metallic Flnorides. — Aqueous hydrofluoric acid has 
all the properties of a strong acid. With ammonia^ potash, 
soda, it forms two series of salts ; viz., normal fluorides RF, 
and acid fluorides RHFj. They all form anhydrous crystals. 
The fixed alkali salts RHF, when heated break up into RF 
and HF gas. The two sodium salts are sparingly soluble 
in water (the salt NaF dissolves slowly in twenty-five parts 

♦ G<fre, Jahreaber, i^, ii^ 
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of cold water, and is not much more readily soluble in the 
heat) ; the other alkaline salts of the acid are readily soluble 
in water. The aqueous solutions of all alkaline fluorides 
attack glass ; the acid salts more powerfully than the normal 
ones. A solution of fluoride of ammonium NH4F, when 
evaporated, loses NH„ and, consequently, when concentrated 
in glass vessels, corrodes them most powerfully. The salts 
SnF,(SnF4 is not known for itself), SbF„ AgF, HgF2+ 
2H2O are crystalline and soluble, most other normal fluorides 
are sparingly soluble or insoluble in water. As F,, Cr2F5, are 
volatile liquids, decomposed by water into the corresponding 
oxides and HF. — Most heavy-metallic fluorides in presence 
of water are very prone to give up acid and pass into oxy- 
fluorides. The fluorides of the barium group metals 

are not decomposed by fusion with alkaline carbonates ; 
but they can be decomposed by fusion with a mixture of the 
same reagent and silica. 

Reactions for the detection of Fluorides, 

453. (a) In Solids, 

Metallic fluorides (with very few exceptions) are de- 
composed by concentrated sulphuric acid with evolution of 
hydrofluoric acid, which is easily identified by its charac- 
teristic action on glass. To test a mineral, etc., for fluorine, 
provide the convex side of a watch-glass with a coating of 
bees' wax ; and by means of a pencil consisting of a material 
soft enough to be sure not to scratch the glass, make an 
inscription on the waxed side, so as to lay bare the glass. 
On the other hand, mix some of the finely powdered 
substance with oil of vitriol in a platinum crucible, cover 
the crucible with the watch-glass, and, after having poured 
some cold water into the latter to keep the wax from melt- 
ing, leave the whole to itself in a warm place for a sufficient 
time. Now remove the wax coating, the bulk with the aid 
of heat and mechanical means, the rest with turpentine or 
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benzole. The inscription will be found engraven in the 
glass ; slight etchings become more distinct when breathed 
upon. In case of a substance consisting substantially of a 
fluoride, the gas will produce a visible etching in \ hour, or 
even less ; traces of fluorine may only reveal themselves after 
twenty-four hours. In searching for small quantities of 
fluorine regard must be paid to the fact that the softer kinds 
of glass are liable to get corroded by ordinary acid vapours. 
Hence a globular flask made out of a combustion-tube is a 
safer HF-indicator than an ordinary watch-glass. Nickths 
recommends a plate of rock-crystal^ which is absolutely proof 
against any ordinary acids. This test is obviously inapplicr 
able to substances containing enough of silica to convert 
their fluorine into SiF4. In these the least traces of 
fluorine may be detected by the following reaction : 

When a mixture of z. fluoride and a silicate is heated with 
oil of vitriol, gaseous fluoride of silicon is formed, which, 
when it comes in contact with watery is decomposed as fol- 
lows : 3 SiF* + 2HaO = SiOa (hydrated) -f 2 SiF4.F2H2 (hydro- 
fluosilicic acid). Mix the finely powdered substance with 
sand and oil of vitriol in a platinum crucible ; heat gently, 
and hold in the crucible a drop of water suspended at the 
end of a thick platinum wire. The fluoride of silicon, if 
present, will soon cause the formation on the water of a 
pellicle of silica. Another modus operandi is to place the 
mixture in a small dry flask, provided with a gas-evolution 
tube, and after having, if necessary, added a granule of 
marble to produce a current of gas, to pass the gas into 
water. If the precipitate of silica is not distinct, neutralize 
with carbonate of ammonia (SiF6H2+3(NH4)20 = 6NH4F-f 
Si02+H20) ; filter and evaporate the fluoride of ammonium, 
either in a glass basin, when the fluoride will reveal itself 
by dimming the glass, or else in a platinum crucible on a 
water-bath, when dry fluorhydrate NH4.H.F2 will remain, 
which can be identified by the test previously given. 
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454. (b) In Aqueous solutions. 

From a solution of a fluoride {e^. NaF, KF, etc.)— 
Chloride of calcium precipitates fluoride of caldnm CaFs as 
a semi-transparent, gelatinous mass, which becomes disdnctfy 
visible only after it has settled. The precipitate, as it is 
when produced in the cold, cannot be separated oat by 
filtration. After addition of anmionia and heating, fihradcm 
becomes practicable, but it is scarcely possible to effectually 
wash the precipitate. Precipitated flucmde <^ caldnm is 
somewhat difficultly soluble in hydrochloric and in nitric 
acid, and from the solutions can, in general, not be repied- 
pitated by ammonia, as the salt is very appreciably soluble 
in ammonia-salts. Chloride of barium produces a thid^ 

voluminous precipitate of fluoride of barium, the solubility- 
relarions of which are the same as those of the caldnm salt 
Sulphate of magnesia gives a voluminous predpitate 
soluble in a large excess of the precipitant, and soluble also 
in sal-ammoniac From either solution the fluoride of 
magnesium is completely reprecipitated by ammonia. 
Nitrate of silver gives no precipitate. Acetate or nitrate 

i^^4ft]^ precipitates, from the aqueous acid as well as from 
the alkaline salts, voluminous fluoride of lead, soluble in 
nitric acid and in caustic potash. The precipitate is slightly 
soluble in water, but the solution (unlike that of PbCla) gives 
only a very insignificant precipitate with ammonia. 

455. Huosilicates, 

Hydroflnosilicic acid SiF4.2HF (z^. supra) is known only 
as an aqueous solution, which does not act much on glass 
or porcelain in the cold^ and which acts strongly on litmus, 
and on basic oxides and hydrates with formation oifluosili- . 
cates. The aqueous acid, when evaporated in platinum, 
breaks up into SiF4-f 2HF, and hence leaves iiltimately no 
residue. Glass and porcelain vessels, when used for the 
evaporation of the acid in the heat, are strongly corroded. 
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Flnosilicates. — Only the normal salts SiF6R2 (where 
R2=K2, Najj, Ca", eta) are known. These are mostly 
crystalline salts soluble in water. The least soluble are 
those of the alkali-metals and of barium. (Comp. §§220 
and 254.) The free acid, when exactly neutralized with 
ammonia^ is converted into SiF4.(NH4)2F2, an easily soluble 
crystalline salt ; when mixed with excess of ammonia, it yields a 
precipitate of silica and a solution oi fluoride of ammonium. 
Similarly the acid (and aqueous solutions of the potash or soda 
salt which colour blue litmus red) when neutralized in the 
heat with caustic fixed alkali, give precipitates of silica and 
solutions of alkaline fluoride. Flnosilicates when 

heated to redness are reduced to fluorides with evolution 
of fluoride of silicon. When heated with concetitrated 
sulphuric acidy they give off" fluoride of silicon and hydro- 
fluoric acid, and ultimately leave residues of sulphates. 
When a fluosilicate solution is mixed with dilute sulphuric 
acid, and the mixture concentrated in the heat in a glass 
vessel, the glass is strongly attacked. By these properties, 
and by the relative insolubility of the potash and the 
baryta salt, fluosilicates are easily distinguished from other 
classes of salts. The barium salt, being very little soluble 
in dilute hydrochloric acid, is liable to be mistaken for the 
sulphate, from which however it can be distinguished by 
its possessing the properties of fluosilicates just enumerated, 
and by its not giving a hepar when heated with carbonate 
of soda on charcoal in the reducing flame. 

Note. — The fluosilicates are only one branch of a large family of 
double fluorides, all constituted according to the general formula 

iv iv 

X F4.2RF, where X =Si,Sn,Ti, or Zr, and of which those containing 
the same basilous metal (R) are in general isomorphous with one 
another. Each class, of course, exhibits its own specific reactions. 

466. Fluoride of Boron BoFs — formed by the action of h3rdrofiuoric 
acid on the oxide BojOg — is a colourless gas which is abundantly, 
dissolved by water, with formation of a variety of ^fluoboric acids.^ 
The acid BFs.HF is known only as an aqueous solution, which in its 
general character is not unlike aqueous fluosilicic ac\d« \\& ^<di^si. 

S 
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B0F4R are mostly soluble in water. On ignition they split up into 
fluorides FR and BoF,. With oil of vitriol they yield BoF, and HF. 
The potash and soda salts are not decomposed by even boiling caustic 
alkali, which distinguishes them from the fluosilicates. 



VIII. CARBON. 



Of the immense number of carbon compounds, only a small selection 
can be noticed here individually. It is however hardly necessary to. 
say that what will be given under general headings such as ' elementary 
analysis of carbon compounds ' is not by any means confined in its 
applicability to the substances previously considered. 

457. 77ie ' Free Element' 

exists as diamond^ graphite^ and in a variety of other forms 
known as ^charcoal* All these carbides of carbon are 
solids, which, even at the strongest heat of any furnace, 
prove absolutely infusible and non-volatile. They are 
insoluble in water or any other menstruum, and insoluble 
also — as carbon — in any acid. They are not acted on, at 
any temperature producible by ordinary heating-appliances, 
by free nitrogen, chlorine, or hydrogen. When heated in 
oxygen^ they bum into carbonic ^ add' COg; but they do 
not all of them bum with the same degree of facility. 
Graphite and certain dense kinds of charcoal, when heated 
even in oxygen, bum only very slowly. 

Diamond is a rare mineral, occurring generally in isolated 
octahedra or other forms of the regular system, the faces 
being frequently curved. The colour varies from absolute 
colourlessness to jet-black; but it always possesses the 
same characteristically high refractive and dispersive power 
for light. It is the hardest of known soHds. Spec. grav. 
35 to 3-6. 

Graphite occurs in nature as a mineral, which sometimes 
presents itself in hexagonal crystals, but far more frequently 
forms dense amorphous, or scaly, opaque masses, exhibiting 
a black colour and a semi-metallic lustre. Graphite is very 
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soft, and easily reduced to a black slippery powder. Spec, 
grav. = I '2 (about). Native graphite is generallycontaminated 
with more or less of incombustible matter, but the com- 
bustible part always consists of carbon only. — Grey cast-iron 
is an intimate mixture of carbide of iron and small crys- 
talline particles oi graphite, 

ChaxcoaL — ^A generic term applied to the variety of 
carbides of carbon contained in those black substances 
which, in the decomposition of organic compounds at high 
temperatures, in absence of air, are obtained as final pro- 
ducts. Regarding the properties of the several kinds of 
charcoal, we must refer to hand-books of descriptive 
chemistry; suffice it to state that all 'charcoals,' even if 
produced at the highest temperatures, contain hydrogen — 
and those derived from nitrogenous matter also nitrogen — 
in chemical combination with the carbon. The hydrogen 
can be removed by strong ignition in chlorine. 

458. Carbonic Add, 

The anhydride CO2 is a colourless gas of 1*524 spec, 
grav. (Air= i), devoid of smell, but possessing a faint sourish 
taste. Coefficient of absorption at 15°; for water = i -00, 
for alcohol =3*2o. The aqueous solution slightly reddens 
litmus; the dissolved gas is easily expelled on boiling. 
The gas is readily absorbed by solutions of potash, soda, 
baryta, or lime ; by the latter two solutions with formation 
of a white precipitate (of BaCOs or CaCOs). It is not 
changed by acid chromate or permanganate, which dis- 
tinguishes it from SO2. 

The add CO3H2 does not exist. 

Metallic carbonates. — The normal carbonates R2CO3 of 
the alkalies and of baryta are perfectly stable at a red heat ; 
those of strontia and lime, at these temperatures, are 
decomposed, the former very slowly, the latter more readily, 
into CO2+RO ; while in the case of magnesia and heavy- 
metaUic carbonates lower degrees of heal sm^c^ Xo ?l^"^cX -^ 
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similar decomposition. The carbonates RsCOs and RHCOj 
of the alkalies are more or less readily soluble, the rest are 
mostly insoluble in water ; many dissolve more largely in 
carbonic acid solution than in pure water. 

Detection of combined OOi. — ^All metallic carbonates 
(except one or two refractory native ones) are readily 
decomposed by dilute mineral acids, with evolution of 
carbonic-acid gas, which is easily recognised by means of 
Hme^ivateTj or — ^what is better — baryta-water (vide supra). 
If the gas evolution is too slight to constitute a current, add 
a piece of zincj and so sweep out the COs by means of 
hydrogen. The refractory native carbonates referred to 
must be decomposed by ignition with Aamj:-glass or bichro- 
mate of potash^ or silica, 

459. Carbonic Oxide QO 

is a colourless, inodorous poisonous gas, barely soluble in 
water, not absorbed by alkalies or acids, but readily ab- 
sorbed by a solution of cuprous chloride in hydrochloric acid 
or ammonia. It is readily inflammable, and bums with a 
blue flame into carbonic acid. 

460. Bisulphide of Carbon (1%^ 

producible by the action of sulphur- vapour on charcoal at a 
red heat, forms a colourless liquid of 1-271 spec, grav., 
possessing a characteristic smell, and boiling at 46°'2 (under 
760 mm.) It refracts and disperses light strongly. It is 
insoluble in water, but miscible with alcohol, ether, and 
liquid hydrocarbons. It is a solvent for iodine, phosphorus, 
sulphur, and many solid hydrocarbons, e,g, for gutta-percha, 
and for many fats, oils, and resins. It is very inflammable, 
and bums into CO2+2SO2. It dissolves in aqueous solu- 
tions oi potash (as 2K2CS8-fK2C08) ; the solution when 
boiled with acetate of lecul gives a black precipitate. CSj 
unites directly with triethyl-phosphine into red crystalline 
Jarainae PEtj.CSa crystallizable from alcohol. By these 
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two reactions even traces of bisulphide-of-carbon vapour 
.diffused through coal-gas (or other diluents) are readily 
detected. 

461. Carhuretted Hydrogens. 

Regarding this very numerous class of compounds we 
must refer to the hand-books of organic chemistry. 

462. Carbides of Metals, 

Many metals when fused together with carbon, or when 
formed by reduction of their oxides with carbon, unite with 
more or less of that element into what, from the stand-point 
of the analyst, may be called alloys of the respective metals 
with carbon. Cast-iron and steel are examples of such 
alloys. When metallic carbides are disintegrated by means 
of acids, part of the carbon, in general, separates out, while 
the rest is either oxidized, or, in the case of non-oxidizing 
acids, evolved in the form of carburetted hydrogens. All 
carbides, when burnt in oxygen or with chromate of lead, 
give up their carbon as carbonic acid. 

Cyanogen (NC) - or * Cy.' 

463. Dicyanogen (NC)8: a colourless gas of the spec, 
grav. I '806 (Air = i), possessing a pungent odour, not unlike 
that of prussic acid. It can be condensed into a liquid, 
which, under 760 mm. pressure, boils at —21°. C)ranogen is 
inflammable and bums with a purplish flame into carbonic 
acid and nitrogen. It is soluble in |th of its volume of 
water ; the solution soon undergoes spontaneous decomposi- 
tion into a variety of products. It is absorbed by caustic 
potash ley with formation of cyanide and cyanate. 

464. Oyanhydric acid NCH (not producible S3mthetically 
from (NC)2 and H2) is a colourless very volatile liquid of 
spec. grav. 0*697 ^^ 18°, boiling at 26°'5, soluble in all pro- 
portions in water without formation of hydrates. Even 
dilute solutions readily give up their NCH to air, and 
hence smell strongly of HNC. Both the SM\i^\aXi5:.^'^^^7^ 
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and its aqueous solution, when left to themselves, undergo 
spontaneous decompositions of a very complex character ;. 
the aqueous acid yields formate of ammonia amongst other 
products. The presence, in the aqueous acid, of small 
quantities of any strong mineral acid considerably retards 
its decomposition. Aqueous cyanhydric acid acts but 
slightly on litmus paper, and only very sluggishly reacts with 
solutions of even strong bases such as potash or barjrta. It 
dissolves red oxide of mercury with formation of a solution 
of mercuric cyanide (NC)2Hg, which in this form presents 
great stability. From an aqueous solution or mixture 

containing free hydrocyanic acid, this constituent can be 
eliminated by distillation ; the NCH passes over with the 
first fractions of the distillate. Should the distillate contain 
hydrochloric or other (stronger) acids, these can be removed 
by re-distillation with excess of borax^ which renders them 
non-volatile without acting on the hydrocyanic acid. 
Having once obtained the HNC as a sufficiently pxire 
aqueous solution, we can identify it by the following tests. 

465. Reactions of Aqueous Hydrocyanic Acid, 

(i.) Nitrate of Silver "^xtcv^xXzXt^ cyanide of silver AgNC, 
which is very similar in appearance to chloride, and, like it, 
is insoluble in cold dilute nitric (and other mineral) acids, 
and soluble in ammonia, but can be distinguished from 
chloride : (a) as by its being decomposed, on boiling, by 
hydrochloric^ and also, though less easily, by dilute sulphuric 
acid with evolution of NCH ; (b) by its comportment at a 
red heat. Cyanide of silver when heated melts, and is then 
decomposed into cyanogen and a mixture of metallic, and 
paracyanide of, silver, which latter then, on continued heat- 
ing in air, passes, first into a mixture of metal and carbide, 
and ultimately into pure metal. 

(2.) Ferrosoferric salt — ^When aqueous hydrocyanic acid 

is mixed successively with (i) excess of caustic soda, (2) 

partially oxidized ferrous sulphate or chloride, (3) excess of 
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hydrochloric acid, there is formed a blue precipitate or (in 
the case of a trace of HNC) a green suspension of * Prussian 
W«^'— 6KNC+FeCl2=2KCl+(NC)6FeK4.— (NC)6FeK4+ 
4fe*Cl=4KCl+(NC)6Fe.fe4 (Prussian blue). 

(3.) Polysulphide of ammonium (NH4)2S.Sx, when added 
to aqueous hydrocyanic acid, produces sulphocyanate of 
ammonium, which, after removal of the excess of reagent 
by evaporation at a gentle heat, can be recognised by the 
characteristic intense blood-red colour which it gives on 
addition of ferric chloride. 

The three tests are all very delicate; (2) and (3) are 
besides highly characteristic. 

Metallic Cyanides 

may be classified as follows : — 

466. (a) Cyanides of the alkali- and alkaline-earth metals^ 
NCR', where R'=K, Na,|(Ba, Sr, Ca). These are white 
solids, which, when heated for themselvesy />. in an inert 
atmosphere such as nitrogen, prove perfectly stable even at 
very high temperatures ; the alkaline ones however at a bright 
red heat are volatilized. When heated in steam^ they are 
decomposed with formation of ammonia and carbonates. 
When heated in air they undergo partial oxidation, the 
cyanides of potassium and sodium when fused with certain 
metallic oxides (^.^. PbO,Sn02,Fe,Os) are completely oxidized, 
into cyanates R'(NC)0, the metallic oxides being reduced to 
metals. When heated with sulphur or certain metallic 
sulphides they are transformed into sulphocyanates R(NC)S. 
They are all soluble in water with formation of 
strongly alkaline solutions, which are readily decomposed 
by acids with elimination of hydrocyanic acid. Even 
carbonic acid, when passed through the solutions, effects a 
very far-going decomposition. The three tests given in 
§ 465 for hydrocyanic acid apply also to solutions of the 

* fe = iFe = 18} parts of femcuxa. 
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class of C3ranides under consideration, except that in the 
case of alkaline cyanides at least, nitrate of silver gives a 
/^r»w«^/ precipitate only, when more than lAgNOs has 
been added for every 2RNC, lesser quantities of the reagent 
being converted into soluble double salts RNC+AgNC. 

In solutions of most heavy-metallic salts {e,g, in aqueous 
chloride or sulphate of iron, nickel, cobalt, zinc) alkaline 
cyanides produce precipitates consisting of, or at least con- 
taining, the respective heavy-metallic cyanides. These are 
all soluble in excess of alkaline cyanide with formation of 
double cyanides, which in this form exhibit a higher degree 
of stability than the alkaline cyanide itself, and which are 
not decomposable by alkaline hydrate or carbonate. 

467. (b) Cyanide of mercury Hg(NC)2. — Red oxide of 
mercury readily dissolves in aqueous hydrocyanic add with 
formation of a solution of this salt, which, compared with 
solutions of class (a), exhibits a very high degree of stabi- 
lity. The salt is not decomposed by even boiling dilute 
sulphuric acid, and gives no precipitate with nitrate of silver. 
Hydrochloric acid decomposes it with formation of mercuric 
chloride and hydrocyanic acid, which latter, however, when 
an excess of acid and heat be employed, may get decom- 
posed into ammonia and formic acid. Sulphuretted hydrogen 
decomposes the solution completely into mercuric sulphide 
and hydrocyanic acid. 

468. (c) Other heavy-metallic^ cyanides, — Excepting ter- 
cyanide of gold (AuCys-aHgO), which is soluble, all these 
cyanides are insoluble in water. By exposure to a red heat 
they are all decomposed in such a manner that the metal 
ultimately remains as such or as a carbide. Their comport- 
ment with aqueous mineral acids is different ; some of them 
(for instance, the cyanides of zinc and cadmium) are readily 
decomposed by even cold dilute hydrochloric acid ; others 
are decomposed by this acid only on boiling (ex. : AgCy) ; 

♦ This term is here meant to include Au, Pt, Ag, Cu, Cd, Bi, Pb, Fe, Ni, 
COf Mn, Zd, 
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others again withstand the action of even boiling aqueous 
acids (cyanides of cobalt, nickel, platinum). Most of these 
cyanides, when boiled with oxide of mercury and water, are 
decomposed with formation of precipitates of metallic 
hydrates and of solutions of mercuric cyanide. The cyanides 
of cobalt and of platinum, and aurous cyanide (AuCy), how- 
ever, cannot be thus decomposed. 

469. (d) Double cyanides of heavy metals (c), and of pot- 
assium or sodium, — This very numerous class maybe divided 
into two sections : — the first comprising those which, when 
treated with acids, behave pretty much like ordinary double- 
salts, i,e, like mixtures of the two component cyanides. To 
this class belong the double cyanides of alkali-metals, 
and respectively silver, lead, zinc, nickel. From the 
solutions of these double-salts, the heavy metals can be 
precipitated, as a rule, by sulphuretted hydrogen or sul- 
phide of ammonium. The second section includes those 
which, although they behave like alkaline salts, do not 
exhibit any of the ordinary reactions of the ordinary salts 
(chlorides, etc.) of the respective heavy metals. They 
behave in fact as if the whole of the cyanogen and the 
heavy metal formed one relatively indivisible radicle. When 
added to solutions of heavy-metallic chlorides, sulphates, 
etc., they generally produce precipitates in which the whole 
or part of the alkali-metal of the original cyanide is replaced 
by the newly introduced heavy metal. When treated with 
hydrochloric^ or dilute sulphuric, acid in the cold, they are 
more or less completely decomposed with formation of the 
respective metallo-hydrocyanic acids. When the mixture is 
boiled, the acid in most cases undergoes decomposition 
with elimination of part of the cyanogen as hydrocyanic 
acid — this is the case, for instance, with ferro-hydrocyanic 
acid ;* but there are a few, of which cobalti-hydrocyanic 



* Action of dilute acids on ferrocyanade of potassium : (i) 2CyeFeK4+4HsS04= 
4K,S04+2Cy«FeH4. (2) 2CyaFeH4+2KsS04=CyaFe,Kslwhite prccipitateH 
6HCy+2KHS04. 
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acid may be cited as an example, the solutions of which 
prove perfectly stable* even on continued boiling. All 

the double cyanides (d), when heated to redness in absence 
of water and air, are decomposed with formation of alkaline 
cyanide and heavy-metallic carbide. 

Analysis of Metallic Cyanides, 

470. I. Detection of the Cyanogen. — All cyanogen com- 
pounds^ when ignited in a combustion-tube with excess of 
soda-limey give up the whole of their nitrogen as ammonia. 
This test, supposing it to give a positive result, proves only 
thQ possible presence of cyanogen. To see if cyanogen is 
actually present, (i) distil the substance with hydrochloric 
acid and search for hydrocyanic acid in the distillate ; in the 
case of a negative result, (2) boil another portion with water 
and oxide of mercury^ filter off the metallic oxide (and excess 
of HgO), from the filtrate eliminate the mercury by means 
of sulphuretted hydrogen, and search in the filtrate for 
hydrocyanic acid. If this operation also leads to a negative 
result, cyanogen can be present only as cobalti-cyanide, 
platino-cyanide (or perhaps in a few other rare states of 
combination). In this class of cyanides, the presence of the 
radicle NC cannot be demonstrated directly by any analy- 
tical methods ; but many of the substances belonging to it 
may be recognised by their own specific properties and 
reactions. 

471. II. Detection of the Metals. — In many cyanides the 
metals present can be detected by means of the ordinary 
reagents. But as there are a vast number of cyanides which 
exhibit anomalous metal-reactions, the only safe process of 
exhaustive analysis is, to begin by eliminating the cyanogen 
in such a manner that the metals are obtained as chlorides, 
sulphates, or in other forms admitting of the direct appli- 
cation of the routine-methods of metal-detection. This, in 
many cases, may be effected by treatment of the substance 
with dilute acids in the heat, or with the help of oxide of 
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mercuiy i^ide supra), but the only general and through- 
going method is, to destroy the cyanogen by treating the 
substance with oil of vitriol in the heat as long as gaseous 
products are evolved. By this operation, the cyanogen is 
converted into carbonic oxide and ammonia, while the 
metals are obtained as sulphates. 

472. Separation of Cyanogen from the Halogens, 

Cyanide and most of the metallo-cyanides of silver being 
insoluble in water and in dilute mineral acids, a precipitate 
obtained from a solution of salts by addition of nitrate of 
silver and nitric acid, is liable to contain the respective 
cyanogen-radicles besides halogens (CI, Br, I), the oxy- 
halogens (BrOs, IO3), and sulphur. 

To separate haloid (Ag(Cl, Br, I)) from cyanide of silver, 
we need only boil the precipitate in a retort with dilute 
sulphuric acid, when the cyanide is decomposed into hydro- 
cyanic acid, which distils over, and sulphate of silver, which 
can easily be dissolved out from the haloids by means of 
hot water. Metallo-cyanides — if given as admixtures with 
haloid of silver — could probably all, like the simple cyanide 
AgCy, be decomposed by digestion with a solution of 
alkaline chloride into chloride of silver and solutions of 
alkaline metallo-cyanides, which latter might then be 
identified by their specific reactions. To test a precipitate, 
known to contain cyanide or metallo-cyanide of silver, for 
admixture of haloid, all that is required is to subject it to a 
prolonged ignition, whereby all the cyanogen-compounds 
are reduced to the state of metal (or metallic carbide), while 
the haloids remain undecomposed. By fusion with alkaline 
carbonate, these may be converted into sodium salts, which 
can be extracted by means of water and examined in the 
usual way. 

473. Appendix to Cyanogen, 

Cyanates, — Alkaline cyanates R'NCO are formed gradually by the 
action of air, and very readily by the action of many metaJUk. onkSAss*, 
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on the respective alkaline cj^anides at a red heat. (Ex. : NCK+PbO= 
NCKO+Pb). Alkaline cyanates, if perfectly dry, stand a red heat 
without decomposition ; they are soluble in alcohol and in water. The 
aqueous solutions when boiled are decomposed with formation of 
alkaline carbonate and of ammonia, thus: KNC0+2H,0^NH,+ 
CO3KH. When their solutions are mixed with dilute mineral add, 
C3ranic add NCHO is liberated, the greater part of which is at once 
decomposed into carbonic acid and ammonia ; but a small portion of 
undecomposed acid always escapes with the carbonic anhydride, and 
imparts to it a characteristic penetrating smell. When their solutions 
are mixed with sulphate of ammonium, the momentarily formed cyanate 
of ammonium quickly passes into the state of urea, NC.(NH^)0= 
CO(NH,),. The cyanates of silver, lead, mercurosum, cupricum are 
insoluble in water. 

SulpkO'Cyanates, — Alkaline sulpho- cyanates are obtained by fusion 
of the cyanides with sulphur or certain metallic sulphides. Ex.: 
PbS + KNC=Pb + KNCS. They are readily soluble in water; the 
solutions give white precipitates with {hose of aiprous salts (or cupric 
ones and sulphurous acid), with mercurous nitrate, and with argentic 
nitrate. The silver salt AgNCS is almost as insoluble as the chloride 
in dilute nitric acid. Ferric chloride produces a characteristic intense 
blood-red colour, which does not disappear on addition of moderate 
quantities of mineral acid. 

Nitroprussides. — The potassium salt is produced in the action of 
nitrous acid on a cold acidified solution of ferricyanide of potassium, 
2Cy.FeK,H+2N0,H=2H,0+(NC),+2FeCy,(N0)K,. The al- 
kaline salts form garnet-red crystals, easily soluble in water. The 
solutions give precipitates with most heavy-metallic salts. When 
they are mixed with solutions of alkaline sulphides, a very intense (but 
transient) violet colour is produced. Sulphuretted hydrogen does not 
give the colour. By the action of excess of caustic alkali, all nitroprus- 
sides are readily decomposed with formation of ferrocyanide. 



Fatty Acids, 

General Formula, CnH2n02. 
Potash salts, CnH2n.iK02. 

474. These acids are all monobasic. Those containing 
more than three atoms of carbon per molecule exist in a 
number of isomeric modifications. Examples : — 



Fatty Acids, 



285 



Name. 


Formula. 


Melting Point. 


Boiling Point. 


Fonnic, . . . 
Acetic, . . . 
Propionic, . . 
Ord. Butjrric, . 
Valerianic, . • 


CH.O-. . 
C.H.O, . 
C.H.O, . 


1° 

la"-; 

? 

below— 20° 

? 


IOO» 
119" 

139' 
162° 

174'* 
• • • • 

< • • • 


Palmitic, . . 
Stearic, . . . 


Ci,H„0, . 
C„H..O. . 


62° 

eg- 



These acids form at ordinary temperatures colourless 
liquids or crystalline solids. • Those containing from 10 
atoms of carbon downwards can be distilled for themselves 
without decomposition, the higher ones cannot. The Ci, 
C2, C3, and Ci-acids are miscible in all proportions with 
water ; the two latter can be separated out of their solutions 
by means of chloride of calcium. Valerianic acid dissolves 
in about 30 times its weight of water ; the higher ones are 
still less soluble. They are all soluble in alcohol. The 
salts of this series are all readily decomposed by hydro- 
chloric or dilute sulphuric acid with elimination of the 
respective acids. The potassium and sodium salts are 

all soluble in water ; those of palmitic, stearic, and some of 
the other acids rich in carbon, are ^ soaps, ue. their aqueous 
solutions froth strongly on shaking, and when diluted with 
much water, are decomposed into a difficultly soluble acid 
and a more soluble basic salt. The barium and lead salts 
are generally the less soluble in water the higher they stand 
in the series. 

Only the first acid of the series, formic acid, can be 
identified, with perfect certainty, by purely qualitative tests ; 
the method to be followed in case of any of the higher ones 
is to convert it into a definite salt and to identify the salt 
by its physical properties, solubility-relations, and elementary 
composition. 

* i.e. acid from inactive amyV alcoVioV. 
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475. Formic Acid CH2O2 forms a colourless liquid of 
1*22 spec, gravity, possessing a pungent smell not unlike 
that of a mixtiure of sulphurous and acetic acids. It pro- 
duces blisters on the skin. The aqueous solution is not 
corrosive, but possesses all the properties of a strong aqueous 
acid. All formates are soluble in water. The most charac- 
teristic salts are : the magnesium salt (CH02)2Mg, a crystal- 
line crust soluble in 13 parts of cold water \ the lead salt, 
(CH02)2Pb, small transparent crystals soluble in 36-40 parts 
of cold water ; formate of mercurosum soluble in 520 parts 
of cold water, the solution is decomposed on boiling with 
formation of metallic mercury and carbonic and formic 
acids. The silver salt, while on the whole similar to the 
mercurosum one, is still less stable. Metallic formates are 
readily decomposed on ignition without elimination of 
carbon. The residue consists of carbonate, or of that into 
which the carbonate would have got converted had it been 
produced first When treated with oil of vitriol they 
give off pure carbonic oxide, CH202-H20 = CO. 
When a solution of a formate is mixed with nitrale of silver, 
there may be a crystalline precipitate of formate of silver, 
but in all cases the mixture, when heated to boiling, deposits 
black metallic silver with evolution of carbonic acid. The 
same reduction takes place if free formed acid is used; 
but it fails in presence of excess of ammonia. When 
a solution of formic acid is boiled with red oxide of mercury, 
the acid is gradually, and at last completely, oxidized into 
carbonic acid and water. A solution of formic acid 
or of a formate when heated with one of mercuric chloride to 
about 70^-80°, produces a precipitate of calomel. The 
presence of free hydrochloric acid or of large quantities of 
alkaline chlorides prevents this reduction. Formic 
acid when heated with a mixed solution of bichromate of 
potash and sulphuric acid^ is readily oxidized into carbonic 
acid. 

476. Acetic acid C2H4O2 exists in the form of a crystal- 
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line solid which fuses at i6°7, but when once fused may 
remain fluid at temperatures far below its freezing point. 
Its smell is less pungent than that of formic. It produces 
blisters on the skin. The aqueous acid has an agreeable 
sour taste and smell ; its action on litmus and on bases is 
far less energetic than that of formic acid. Common 
vinegar is a more or less impure aqueous acetic acid, con- 
taining from two to six per cent, of real acid. Most 
normal Metallic Acetates are easily soluble in water. They 
are all decomposed at a red heat — some of them with 
elimination of charcoal ; the residues otherwise are identical 
with the ones obtained from the corresponding carbonates. 
T\\^ potassium salt is deliquescent; it dissolves in one-half 
part of water and in three parts of absolute alcohoL It 
unites with acetic acid into a characteristic crystalline 
binacetate C2H3KO2.C2H4O2.3H2O, which, when gra- 
dually heated, first gives up its water and then, at 200°, the 
extra-molecule of acid. The sodium salt forms crystals 
C2HsNa02.3H20 soluble in about three paits of cold water. 
Both alkaline acetates, when heated, are easily dehydrated, 
and then melt into oily liquids which stand a temperature 
of 300° without decomposition; all other acetates are 
decomposed at lower temperatures. Acetic acid is not, 
appreciably decomposed when heated with oil of vitriol. 
It cannot be oxidized by aqueous chromic acid. 
Solutions of normal acetates, when mixed with ferric 
chloridey become deep red from formation of ferric acetate, 
which (unlike the sulphocyanate) is easily decolorized by 
hydrochloric acid, Mercurous nitrate^ in not too dilute 
solutions, produces crystalline precipitates of mercurous 
acetate easily soluble in excess of precipitant. Nitrate 
of silver, under the same circumstances, produces a crystal- 
line precipitate which can be re-crystallized from hot water 
without appreciable decomposition. Mercuric chloride 
is not reduced by acetates, not even on heating. 
Aqueous acetic acid when digested with excess of ooctdc of 
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Uady )delds a solution of basic acetate which colours turmeric 
paper brown. So far acetic agrees with formic acid ; but 
while the solution of the formate deposits crystals on cooling, 
the acetate solution refuses to do so. 



477. From a mixed solution of the mere volatile 

Fatty Acids 

^t formic acid \% easily eliminated by prolonged boiling — 
an inverted condenser being used — ^with excess of mercuric 
oxide. {Vide supra.) To separate acetic acid from its 
higher homologues, add enough of caustic potash to con- 
vert the acetic acid into binacetate, and distil ; if a suffi- 
ciency of potash was taken, the distillate is free from acetic 
acid. If a mixture of two of the higher homologues 

(for instance of the C3 and C5 acid) is partially saturated 
with potash and distilled, the lower (i,e, the more volatile) 
acid predominates in the distillate while the higher (less 
volatile) one accumulates in the residue. — {Liebig,) By 
the repeated application of this process of partial saturation 
and distillation, it is possible sometimes, from a mixture of 
fatty acids, to extract one or the other of the predominating 
constituents in a state of approximate purity. 

478. Detection of Metals given as Salts of Fatty Acids. 

The presence in a solution of metallic salts of such fatty 
acids as are, for themselves, soluble in water, does not 
interfere much with the application of the ordinary methods 
for the detection of metallic bases as given in Part II. It 
needs only be observed that a precipitate obtained in the acid 
liquid by sulphuretted hydrogen is liable to contain zinCy 
cobalty and nickel^ besides metals of the copper and arsenic 
groups. If the substance under examination contains 
higher fatty acids, these must, previous to the application 
of metal-precipitantS| be separated out by means of an 
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appropriate mineral acid and removed : solid or semi-solid 
ones by filtration, liquid ones by means of a pipette or by 
distillation. . 

Adds of the Lactic Series. '..- 

(Homologues of Carbonic Acid.) ' 
General empirical formula, CH203+nCH2. ■ 
„ rational „ ^"^^n^ qjj • 

The series comprises: GlycoUic (oxy-acetic), n= ij ^Lactic 
(oxy-propionic), n=2; Butylactic (oxy-butyric), n = 3;... 
Leucic (oxy-capronic), n=5. These acids are diatomic 
but monobasic. With n exception of glycoUic, each acid 
exists in a number of isomeric modifications. We confine 
ourselves to the consideration of that particular 

479. Lactic Acid (CH3)-(CH)^^^^, which is con- 

"^ '■■'■, 
tained in sour milk, and obtained by the fermentation of 

sugar as induced by cheese in presence of chalk or other 

substances preventing the accumulation of free acid. This 

acid forms a colourless syrup, miscible in all proportions 

with water and alcohol, and soluble in ether. When the 

aqueous solution is shaken with ether, the greater part of 

the acid passes into the ethereal layer and can thus be 

extracted. The acid when carefully exposed to higher and 

higher temperatures, passes first into dilactic acid CeHioOs, 

a pale-yellow amorphous bitter mass, and then (at about 

210°) into the real anhydride C3H4O2, which when rapidly 

heated breaks up into aldehyde and carbonic oxide. 

Lactic acid and lactates when heated with oil of vitriol 2xt 

decomposed with copious evolution of carbonic oxide. 

Normal lactates are all soluble in water. Of these the most 

characteristic are : (i) the calcium salt C3H5Cai03.|H20, 

which forms small mammelated crystals, difficultly soluble. 

T 
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in cold water, but easily soluble on boiling in both water 
and alcohol ; (2) the zinc salt CsHsZnjOs-f H2O, crusts or 
large needles soluble in 58 parts of cold and in 6 parts 
of boiling water. A hot aqueous solution of this salt is 
completely decomposed by sulphuretted hydrogen. 

Note. — An acid isomeric with, and very similar to, lactic acid has 
been extracted from the juice of flesh. This acid (*sarcolactic*) was 

fCH COOH 
' Xtj ^^^ Wislicenus showed 

quite lately that it is a mixture of two things ; the bulk of it consisting 
of an ethyl idene-derivative ^paralactic acid^^ which forms crystalline 
zinc and calcium salts, while the rest consists of an acid which refuses 
to form crystalline salts and probably represents the true ethylene- 
acid. 

Oxalic Acid Series, 

General formula, (COOH)2+nCH2. 

Exx. : Oxalic, n=o; Malonic, n=i; Succinic, n=2; 
Pyrotartaric, n=3. Those formulas in which n>i, cor- 
respond, each of them, to a genus of isomers. These acids 
are all dibasic. They act on bases much more energetically 
than the lactic acids do. The free acids are solids soluble 
in water and in alcohol. 

480. Oxalic Acid crystallizes from its aqueous solution 
in large monoclinometric prisms of the composition 
(COOH)2.2H20, soluble in 87 parts of water at 15°, and 
much more soluble in hot water ; soluble in about 4 parts 
of cold ordinary alcohol. The crystals when kept in a dry 
atmosphere gradually lose their 2H2O ; they are readily 
dehydrated at 100°. The dehydrated acid can be sublimed 
at i6o°-2oo° with partial decomposition into formic and 
carbonic acids. The acid, whether free or combined, when 
heated with oil of vitriol is readily decomposed with evolu- 
tion of the two carbon oxides (CO+CO2). The aqueous 
acid can be oxidized into carbonic c^d, by (1) permanganate 
qfJ>otash and sulphuric acid; (2) binoocide of manganese and 
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sulphuric acid ; in both cases with formation of colourless 
manganous salt ; (3) bichromate of potash and sulphuric 
acid, with formation of green chromic salt ; (4) chloride of 
gold, with precipitation of metallic gold, — and by other oxidiz- 
ing agents. Oxalates. — The alkaline salts are soluble ; 
most other oxalates are insoluble or difficultly so in water, 
but soluble in hydrochloric acid. All oxalates are decom- 
posed on ignition with elimination of little or no carbon ; 
the metals remain as carbonates or decomposition-pro- 
ducts of these. The most characteristic salts are : the acid 
potash salt C2O4KH.H2O, soluble in 40 parts of cold and 
in 14 parts of boiling water ; the sodium salts ; C204Na2 
soluble in 31 parts, C204HNa.H20 soluble in 60 parts, of 
cald water ; the ammonium salt C204(NH4)2.H20 soluble 
in 25 parts of cold water; the lime salt C204Ca.H20, 
regarding whose properties see below. Oxalates are 
easily recognised — (i) by their comportment on ignition, 
and on being heated with oil of vitriol {vide supra) ; (2) by 
the power of their solutions in dilute mineral acids of reduc- 
ing the oxidizing agents named above with evolution of 
carbonic acid ; and (3) by the following characteristic 
reaction : solutions of oxalates in water, acetic acid, or 
ammonia, when mixed with chloride of calcium, yield a white, 
\ powdery precipitate of oxalate of calcium, which is practi- 
cally insoluble in water, and in ammonia, and in acetic 
acid; no other precipitated lime salt exhibits cdl these 
properties. A solution of free oxalic acid gives a precipi- 
tate even with sulphate-oi-YimQ solution. In the 

481. Examination of a mixture of Oxalates 

for Metals, 

we must take care to remember that the oxalates of the 
barium group are precipitated as such from their acid solu- 
tions by ammonia and by sulphide of ammonium, and that 
chromic oxalate is not precipitated by ammonia. Hence 
the safest course in the analysis of a mixture oC i£i&\2i\.^ ^^cl 
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as oxalates is to begin by destroying the oxalic acid by 
ignition or by treatment with oil of vitriol. 

482. Succinic Add C2H4(COOH)8 forms white crystals 
soluble in five parts of cold and in two parts of boiling 
water, less soluble in alcohol and almost insoluble in ether. 
When cautiously heated, it first emits irritating vapours, 
and then, at about 140°, sublimes slowly; when rapidly 
heated, it melts at about 180° and boils at 235°, being at 
the same time largely decomposed into water and anhy- 
dride. Succinic acid is not attacked by even hot oil of 
vitriol; it also resists the action of all ordinary liquid oxidants.^ 
for instance that of free chlorine, nitric acid, aqueous 
chromic acid, and of hydrochloric acid aod . chlorate of 
potash. Sncdnates are decomposed on ignition, most of 

them with formation of charcoal. The (K-, Na-, NH4-, Mg-, 
Mn)- salts are readily soluble in water ; the barium salt 
C4H4Ba04 and the calcium salt C4H4Ca04.(H20 or 3H2O) 
are sparingly soluble in water and in acetic acid, and 
insoluble in alcohol. The normal lead salt is sparingly 
soluble in water and in acetic acid, and insoluble in 
alcohol. The silver salt C4H4Ag204 is nearly insoluble in 
water and in acetic acid. Neutral solutions of alkaline 

succinates exhibit the following Reactions : chloride of 
barium^ when used in conjunction with alcohol and ammonia, 
gives a white precipitate. Ferric chloride precipitates the 
greater part of the acid in the shape of a brownish pale-red 
salt, which is easily soluble in mineral acids and, by the 
action of ammonia, is decomposed so that the greater part 
of the acid is extracted as ammonia salt. 

Note, — Pseudositccinic acid (CHs) — (CH)=(COOH)2 (carboxyl-pro- 
pionic) differs from the ordinary acid in many points, for instance in 
this, that, when heated, instead of giving an anhydride, it breaks up 
into carbonic and propionic acids. 

483. Benzoic Acid C6H5.COOH, 
as obtained by sublimation, forms long, slender, white, 
iion-transparent needles; the crystals obtained from the 
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alcoholic or ethereal solution are usually larger. It melts 
at 121°, and sublimes at a somewhat higher temperature. 
It boils at 250°. The vapours have a characteristic smell 
and an irritating effect on the respiratory organs. Benzoic 
acid dissolves at 100° in about 12 parts, and at 0° in 607 
parts of water; it is more largely soluble in alcohol and 
in ether. The acid when boiled with water is largely 
volatilized with the steam ; what remains undissolved melts 
into a liquid. Benzoic acid vapour, when passed through a 
red-hot tube filled with pumice-stone, or, what is better, frag- 
ments of caustic lime, breaks up, substantially, into carbonic 
acid and benzole CeHg. Fuming sulphuric acid converts 
benzoic acid into sulphobenzoic (C6H4)COOH.S020H ; 
dilute nitric acid does not act ; the strongest nitric acid 
produces nitrobenzoic ; a mixture of nitric acid and oil 
of vitriol acting in the heat produces dinitrobenzoic acid. 
Benzoates. — Benzoic acid, though monobasic, 
forms acid salts with potash and ammonia. All normal 
benzoates containing strong bases are soluble in water 
and generally also in alcohol. Neutral solutions of benzo- 
ates exhibit the following Beactions : Hydrochloric cuid^ 
from sufficiently concentrated solutions, precipitates benzoic 
acid. Neutral ferric chloride precipitates the acid 

completely in the form of a voluminous flesh-coloured 
salt, which is decomposed by ammonia like the succinate. 
Acetate of lead gives a flocculent precipitate soluble 
in excess of the precipitant. A mixture of chloride of 

barium, ammonia, and alcohol gives no precipitate. 

Note, — ^The following among other acids, being similar to benzoic 
acid in appearance and in their solubilities, and, like it, sublimable 
and volatile with steam, are liable to be mistaken for it : Cinnamic 
C6Hfi.CaHj,C00H ; the three Toluic acids C6H4.CH,.COOH ; Alpha- 
toluic acid (phenyl- acetic) CeH4.CH2.COOH. 

484. Malic Acid C2H3(OH).(COOH)2. 
Malic acid is a deliquescent solid which crystallizes only 
with great difficulty. It is very easily soluble in water axLd 
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tion of malic acid or of malate of ammonia, a flocculent 
j/f capitate C4H4PbO»+2HjO, which becomes crystalline 
itn standing. When the mixture is boiled the precipitate 
i\xm% into a resin-like liquid A part of the salt dissolves 
in the hot liquid and crystallizes out on cooling, in slender 
flccdlcM. The fusion-phenomenon comes out clearly only 
with 9kPur€ precipitate. Even recently precipitated malate 
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of lead IS very sparingly soluble in ammonia. (Comp. 
tartaric and citric acids,) The silver salt \% 2, Qxy^\.2X' 

line precipitate which blackens on exposure to the light, 
and on boiling. 

485. Tartaric Acid Q^JS^Yi\.{(ZOQi^)^ 

forms hard colourless crystals soluble in about half their 
weight of cold and in less of hot water, soluble also in 
alcohol but insoluble in ether. Tartaric acid melts at 
1 70°-! 80° and gets gradually changed into its isomer meta- 
tartaric acid; on continued heating it undergoes further 
changes, and passes at last into the anhydride C4H4O5 
which is insoluble in water, and which, when more strongly 
heated, undergoes a complex decomposition. The ordinary 
oxidizing agents, such as aqueous chromic acid, binoxide of 
manganese and sulphuric acid, etc., produce carbonic and 
formic acids. By the action of oil of vitriol and of nitric 
acid in the heat tartaric acid is destroyed. When heated 
in a sealed-up tube to 130° with fuming hydriodic acid, it is 
reduced, first to malic and then to siycinic acid* 
Tartrates. — Tartaric acid is dibasjg^nl^fc alkaline salts 
are soluble ; most other tartrates^T insolubife in water but 
soluble in mineral acids, and ^Pen also in caustic alkali. 
The most characteristic tartrates are the acid potash salt 
C4H5KO6 (cream of tartar), and the normal lime salt 
C4H4Ca06.4H20. The former is obtained from the solution 
of the acid by half-way saturation with potash ; from that of 
the normal potash salt, by addition of acetic acid ; from 
that of any other neutral tartrate, by addition of acetate of 
potash and acetic acid — as a crystalline precipitate soluble 
in 235 parts of cold water. Its formation is promoted by 
stirring, and its quantity increased by addition of alcohol. 
The lime salt is formed on addition of excess of 
lime-water to a solution of the acid, or of excess of chloride 
of calcium to one of neutral alkaline tartrate, as a white 
precipitate which on standing becomes crystalline* TV^^ 
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precipitate, especially as long as it is amorphous, dissolves 
in cold concentrated caustic potash, forming a solution 
which on boiling deposits a gelatinous precipitate ; it is also 
soluble in concentrated sal-ammoniac solution. It also 
dissolves in hydrochloric, nitric, acetic, and in tartaric acids. 
Recently precipitated washed tartrate of lecui is soluble in 
aqueous ammonia. Of double tartrates the one known 

as * tartar emetic ' C4H4(SbO)KOe. JH2O must be mentioned 
as exhibiting peculiar reactions. This salt is prepared by 
boiling oxide of antimony and cream of tartar with water. 
It arystallizes in transparent tetra-hedra soluble in 14*5 
parts of cold and in i *9 parts of boiling water. From a 
solution of tartar-emetic, mineral acids precipitate a white 
salt soluble in excess of these acids and in tartaric acid ; 
solutions of Ba-, Sr-, Ca-, Cd-, Pb-, Ag- salts produce pre- 
cipitates of the composition of tartar-emetics in which the 
K is replaced by the metallic radicle of the precipitant 

AVa — What, in the above, has been called 'tartaric acid,* is only 
one of a group of isomers, which comprises the following modifications: 
(l) Dextro-tartaric acid, so called because it turns the plane of polarized 
light to the right (this is the ordinary commercial acid) : (2) Lsevo- 
tartaric> which turns that plane to the left ; (3) Racemic acid, which is 
formeti by the union of (i) and (2), and is optically inactive ; (4) In- 
active tartaric- not decomposible into (i)+(2) ; (5) Metatartaric acid. 
Of these the first four are almost identical in their chemical properties ; 
the fifth differs from the others by the greater solubility of its salts. 

486. Citric add CsH4(0H).(C00H), 
forms large colourless transparent crystals (of the com- 
position C6H8O7.H2O*) soluble in | part of cold and \ part 
of hot water, readily soluble also in alcohol, but insoluble in 
ether. The crystals melt at about 100°; at 175° the acid 
is decomposed, substantially into water and aconitic acid 
CeHeOe* On continued heating, this acid is decomposed 
in its turn, and a liquid distils over containing itaconic and 
citraconic acids (both C5H6O4). Citric acid is easily 

* WarrinitcK, Chem. Soc. Journ. Oct 1875. 
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attacked by oxidizing agents. When the aqueous solution 
is heated with binoxide of manganese, acetone is produced 
along with other products. If dilute sulphuric acid is 
added, formic acid also is formed. Boiling concentrated 
nitric acid produces oxalic and acetic acids. Citrates. — 

Citric acid is tribasic. Its alkaline salts, inclusive of the 
acid potash salts, are all easily soluble in water. A solution 
of the acid, when mixed with excess of lime-water, gives no 
precipitate in the cold ; on long-continued boiling, however, 
a white precipitate is formed which mostly disappears on 
cooling. Chloride of calcium, when added in excess to a 
solution of tribasic citrate of potash or soda, produces at 
once a precipitate of C6H507Ca5.2H20 which is insoluble in 
cold caustic potash, but soluble in large quantities of sal- 
ammoniac. When this solution is boiled, the lime salt re- 
appears in a crystalline form which is no longer soluble in 
sal-ammoniac. The normal ammonium salt is not precipita- 
ted by chloride of calcium in the cold ; but on boiling the 
crystalline salt named is separated out. Excess oi baryta- 
water when added to a solution of citric acid, or oi acetate of 
baryta y^hen added to a solution of alkaline citrate, produces 
an amorphous precipitate C6H8Ba|07.^jH20. In dilute 
solutions the precipitate does not appear, but if the mixture 
is heated, an amorphous precipitate separates out, which 
soon passes into a crystalline salt CeHsBasOr.f H2O. When 
this, or the amorphous, salt is heated with acetate of baryta 
on a water-bath for about two hours, characteristic klinor- 
hombic prisms of a new salt CeHsBaiOj-f JH2O are formed. 
— {If, Kdmmerer, ) Acetate of lead forms an amorphous 

precipitate which, after removal of the other products by 
washing, dissolves in aqueous ammonia. 

487. Detection of Metals in presence of Malic, 
Tartaric, and Citric Acid, 

These acids (like a number of other non-volatile organic 
substances, for instance the sugars). prevent the precipita- 
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tion, by ammonia, of iron, aluminium, manganese, copper, 
and some other basic metallic radicles. These substances, 
however, do not interfere with the normal action of sulphur- 
etted hydrogen or sulphide of anunonium. Alkaline citrates 
have the power of dissolving, and consequently may prevent 
the precipitation of, sulphate of baryta, and of a great many 
other metallic salts which are insoluble in water and ordinary 
salt-solutions. The substances referred to may be destroyed 
by incineration, or removed by treatment with oil of vitriol 
in the heat 



XJltitnaie Analysts of Carbon Compounds. 

488. (i) Detection of combined Carbon. — In many non* 
volatile compounds of carbon, the presence of this element 
can be proved by exposing the substances to a red-heat in 
(practical) absence of air, when very often part of the 
carbon separates out as charcoal which can be recognised by 
its blackness and combustibility. A residue left after the 
prolonged exposure of a substance to a red heat can contain 
combined carbon in only a very few forms, viz. : as car- 
bonate, cyanide, cyanate, sulphocyanate — ^which classes of 
salts are all easily recognised by their specific reactions. 

A more general method of carbon-detection, which applies 
to all those substances which are either non-volatile in them- 
selves, or become fixed by the action of oil of vitriol^ is to 
heat the substance with excess of oil of vitriol and chromic 
acid (in a retort, the neck of which is turned upwards), when 
all carbon-compounds present are completely burned and 
have their carbon converted into carbonic acid^ which is easily 
identified by the precipitates which it forms in lime-water 
and in baryta-water. In using the latter reagent, which is 
more delicate than, the former, we must take care not to 
mistake sulphate or sulphite of baryta for carbonate ; but 
the carbonic acid, given as BaCOs, is easily distinguished 
from the other two by its being re-liberated as a gas on 
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successive addition of chromate of potash and of hydro- 
chloric acid. The method given is particularly handy for 
seeing whether a substance, from which carbonic or other 
volatile carbon-acids have already been expelled by dilute 
sulphuric acid, still contains carbon in other states of com- 
bination. An absolutely general method of carbon- 
detection may be founded upon the fact that all carbon 
compounds when burned with excess of oxide of copper in 
a combustion-tube — ^which should be done in such a manner 
that no volatile products can leave the tube without having 
first passed over a sufficiently long layer of red-hot granu- 
lated oxide — are completely chahged so, that the carbon is 
converted into carbon-dioxide which escapes, and can be 
recognised by lime- or baryta-water — ue, if it has not been 
retained by potash, soda, baryta, strontia, or lime contained 
in the substance itself. This method works best with such 
substances as contain carbon, hydrogen, and oxygen only. 
If nitrogen is present, this element is partly liberated as nitric 
oxide, which subsequently passes into and escapes as 
nitrous acid or peroxide of nitrogen ; halogens, if present, 
cause the formation of sublimates of their cuprous com- 
pounds ; sulphur goes off partly as sulphurous acid. These 
inconveniences are all avoided, if, instead of oxide of copper, 
fused chromate of lead is used as a source of oxygen, and 
the volatile products, before being allowed to leave the tube, 
are passed, first through a column of red-hot granulated 
oxide of copper and then through one of red-hot copper-gauze. 
The chromate of lead retains the halogens as lead com- 
pounds, and the sulphur as sulphate of lead, while it decom- 
poses any metallic carbonates completely; the metallic 
copper reduces the nitrogen-oxides to free nitrogen. 

489. (2) Detection of Hydrogen. — In the combustion of 
a carbon compound containing hydrogen, this element goes 
off as vapour of water, which, even if formed in small 
quantities, when the products are passed through a cold 
narrow tube, condenses partially in visible globules. A 
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positive result of cx>urse goes for nothing, unless it is proved 
that the materials and reagents used were anhydrous. The 
essential presence of hydrogen in an organic substance can 
be satisfactorily proved only by quantitative analysis. 
(3) Regarding Nitrogen, see § 399. 

490. (4) Deteetioii of other elements* than C, H, N, O. 
A satisfactory and almost absolutely general method for the 
solution of this problem was discovered some years ago by 
Carius. His method is founded upon the fact that almost 
all organic substances when heated in sealed-up tubes with 
an excess of sufficiently strong nitric acid for a sufficient 
time, are completely burned, Lt, changed so, that while the 
carbon and hydrogen are converted into Q0% and H2O 
respectively, the other elements are changed so as if, at some 
stage of the operation, they had been present in the free 
state. The strength of acid, and the temperature to be used, 
and the length of time required for a complete decomposi- 
tion, vary according to the nature of the substance under 
operation. An acid of i '4 spec, gravity is strong enough in 
all cases ; the temperature required varies from i2o°-i8o° ; 
the time of heating from 2 to 10 hours. There are, however, 
a number of substances which cannot be completely burned 
by even 1*4 acid acting at the highest practicable tempera- 
ture. Many of these, perhaps the majority, can be burned 
by addition to the nitric acid of a quantity of bichromate of 
potash which is calculated so that its available oxygen alone 
(Os for CrjOe) would be sufficient for a complete combus- 
tion. Supposing the proper conditions to have been estab- 
lished, and the operation to have been successfully executed, 
then the several elements are obtained ultimately in the 
following forms : C as COt \ H as HtO ; CI, Br, as CI2, Br, 
respectively ; I partly as Ij, partly as 1205! ; S, P, As, Sb 



* CompMre' the appendices on organic compounds in the chapters on N, S, P, 
halogens. 

t If nitrate of silver was added before heating, the halogens are more readily 
eliminated as silver salts. 
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as hydrates of SO3, P2O6, AS2O5, Sb205 respectively ; Sn as 
metastannic acid ; the rest of the metals as nitrates. 

491. Modus operandi, — A sound piece of combustion- 
tubing is closed at one end, and into it is introduced from 
0-2 to o'5 grammes of the substance, either directly or (if it is 
liable to be decomposed by the nitric acid in the cold, with 
evolution of gaseous products) after having been previously 
sealed up in a very thin-walled hard glass bulb or. cylinder. 
The requisite quantity of nitric acid (about . 20 times the 
theoretical quantity, supposing the acid to be reduced to 
H2O+N2O2), is now introduced and the open end drawn out 
so as to form a strong cone with a thick-walled capillary tube, 
2 to 3 ctm. long at the end, which is then sealed up. The acid 
should not fill more than } to ^ of the tube, which is now 
slipped into a stout iron tube, and within this placed into 
an air-bath and brought up to the . requisite temperature, 
care being taken to place the air-bath so, that, if the tube 
should burst, the explosion can do no harm. When the 
oxidation is supposed to be completed, the tube is allowed 
to cool, taken out of the iron tube, wrapped up in a towel, 
and the tip softened in the flame of a Bunsen's lamp, so that 
the gases may break through the soft glass and gradually 
escape through the capillary canal. If the tube were opened 
so as to allow of a sudden escape of the accumulated gases, 
this would almost invariably lead to a dangerous explosion. 
We would warn students not to attempt their first 
operation of this kind otherwise than under the direction of 
an expert. The somewhat troublesome process of Carius 
need not of course be resorted to in all cases. Thus, for 
instance, many of the methods given for the detection of 
inorganic bases or acids apply as they are, or with only 
slight modification, to the case of the acids or bases to be 
searched for being in combination with organic alkalies and 
acids respectively. And in many cases in which organic 
substances must be removed to clear the road for the 
application of this or that analytical method, this can. Qf^<^\x 
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be effected by easier methods than Carius's, e^, by incinera- 
tion, by treatment with oil of vitriol in the heat, or otherwise. 

Detection of Metals in presence of large quantities of 

organic mcUter. 

In the solution of this problem, which occasionally 
presents itself to the analyst, especially in forensic cases, it 
is generally necessary first to remove at least the bulk of the 
organic matter before the application of the ordinary 
analytical methods can be proceeded with. For the accom- 
plishment of this we have mainly two methods. The one 
consists in this, that after having extracted fi*om the mass of 
organic matter the metallic compounds assumed to be 
present by means of some appropriate reagent, such as 
hydrochloric acid for instance, we subject the liquor thus 
obtained to 

492. Dialysis, when, as a rule, the metallic compounds, 
being ^ crystalloids^^ pass through the septum, while just 
those organic substances which would more seriously inter- 
fere with the application of metal-precipitants, being most 
of them * colloids,^ remain behind. The other method is, 
by means of some strong oxidizing agent, to destroy the 
organic substances. 

493. In the case of viscid or dark-coloured aqueous 
liquids, such as are obtained by exhausting a mass of animal 
or vegetable matter (for instance, the contents of a stomach) 
with water or hydrochloric acid, this can generally be 
accomplished by treating the liquids in the cold or in the 
heat with a current of chlorine. The liquids thereby are, 
as a rule, rendered sufficiently thin and colourless for being 
filtered and examined with reagents. Solid or semi-solid 
mixtures may be treated as follows : mix the substance with 
about twice its bulk of hydrochloric of i'i2 spec, gravity, 
heat the mixture on a water-bath, and add successive small 
portions of chlorate of potash — taking care always to keep 
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the acid in considerable excess — until the liquid has become 
thin, filterable, and nearly or quite colourless. 

Whether free chlorine or chlorine-oxides were used for 
the destruction of the organic matter, expel the excess of 
the gaseous oxidants by evaporation at a gentle heat, allow 
to cool, when a quantity of fat will as a rule separate out, 
and filter. The filtrate, although by no means free from 
organic matter, is now in a fit state to be examined by the 
systematic application of the ordinary metal-precipitants ; it 
is however to be observed that the precipitates will form 
more slowly than they would in pure liquids, and will 
contain, or may even entirely consist of, organic substances. 
This holds more especially of the sulphuretted-hydrogen 
precipitate, which, even in absence of metals, is as a rule 
rather copious. The examination of this precipitate may be 
conducted as follows : 

(i.) Treat the precipitate, after removal of the last trace 

of adhering chlorides by washing, with strong nitric acid in 

a porcelain dish, and keep at a gentle heat until the bulk 

of the organic matter may be supposed to be destroyed, 

and the decomposible sulphides oxidized. If sulphide of 

mercury should be present this will remain undissolved, and 

must, after dilution with water, be removed by filtration. 

Now super-saturate the acid by addition oipure carbonate of 

soda, evaporate cautiously to dryness, and then continue 

heating, until the last trace of organic matter is completely 

burned by the fused nitrate, and the whole converted into a 

colourless liquid. The combustion will proceed quietly and 

without any explosion, provided that there was a sufficient 

excess of carbonate and nitrate of soda present — a most 

important point, which should always be made sure of by a 

preliminary experimental fusion of a small portion of the 

mass. The product contains all the heavy metals that can 

be present as oxides or sodium salts of metallic acids (thus 

the copper is present as CuO, the arsenic, antimony, and 

tin as sodium-salts of AS2O5, Sb205, Sn02 respectively \^ ut. 
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in forms accessible to well-known processes of analysis. — 
( WohUr,) 

(2.) Fresmius recommends , the following method : Dis- 
solve the sulphides in fuming nitric acid of 1:5 spec, gravity 
and evaporate at a gentle heat to dryness. Mix the residue 
with oil of vitriol, and heat, first for 2 to 3 hours to 100°, and 
at last to 170% until a specimen of the mass, when mixed 
with water, yields, a colourless solution. This process is 
often found to be accelerated by the occasional addition of 
bits of Swedish filter-paper. At last dilute with water and 
filter; the filtrate, which is now quite free from organic 
matter, contains the arsenic as arsenious acid, the other 
metals as sulphates. The residue consists of charcoal, 
mixed possibly with sulphide of mercury and the sulphates 
of lead, tin, and bismuth. 



IX. HYDROGEN. 

494. ' Free' Hydrogen H2 is a colourless, inodorous, taste- 
less permanent gas of the spec. grav. 0*0698 =Yj^Yy (Air=i), 
soluble in 49 times its volume of water at 15°. There is no 
specific absorbent or characteristic reagent for hydrogen, by 
means of which an admixture of the gas in other gases could 
be recognised by qualitative testing; in gas analysis it is 
recognised by its combustibility with oxygen, and by the fact 
that in such combustion i vol. of it combines with \ volume 
of oxygen to form i volume of steam, which, on cooling, 
condenses into practically o volumes of liquid water. 

495. Hydrogen Oompounds, from the stand-point of the 
analyst, may be divided into two classes (which however 
to a considerable extent overlap each other) ; namely, 
(i) Hydrates^ i.e. compounds containing the elements H2-I-O 
combined with some residue in such a manner, that, 
without effecting a dissociation of that remainder, the 
Hj+O can be eliminated as HjO, either by the effect of 
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heat alone, or by the combined effect of heat and a fixed 
acid or basic oxide. (2) Combustible Hydrides : these, or 
at least the majority of these, when burned with oxide of 
copper or chromate of lead in a combustion tube, give up 
their hydrogen as water. Our methods for detecting com- 
bined hydrogen all come to this, that we eliminate the 
hydrogen as water ^ and identify it in this form. 

Water. 

496. Any clean specimen of common 'sweet' water 
differs from the ideal substance H2O only in so far as it 
holds in solution small quantities of certain impurities, viz. 
of the gases of the atmosphere (O2, N2, CO2, traces of NH3) 
and of a complex of metallic salts formed by the union of 
the bases CaO, MgO, FeO, K2O, Na20 with hydrochloric, 
sulphuric, carbonic, silicic acids, and sometimes also phos- 
phoric acid. The relative proportions of these constituents 
vary very much in different kinds of water. Some natural 
waters are extremely pure ; thus, for instance, the water of 
Loch Katrine, used in Glasgow for domestic purposes, 
may safely be said to be a better approximation to real H2O 
than even the best of our so-called pure reagents are to the 
ideal substances of which they bear the names. To purify 
a natural water, we subject it to distillation : i,e, we raise 
from it a supply of dry steam, and condense the steam in 
a copper or block-tin (or, what is better, a silver or platinum) 
tube,* kept cool by immersion in a cold water bath. Such 
* distilled water ' can contain no impurities but dissolved 
atmospheric gases and perhaps traces of volatile organic 
matter, which however do not interfere with most of the 
analytical applications of the substance. If, for particular 
purposes, air-free water is required, this can be procured 
by boiling distilled water in a glass, or, what is better, a 
copper, flask until it begins to * bump,' and then allowing it 
to cool in absence of air. The traces of organic matter left 

* Glass tubes are strongly attacked, and must therefore not be used. 

U 
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after distillation can, according to SiaSy be destroyed by 
prolonged digestion and subsequent distillation, with man- 
ganate of potash and re-distillation with phosphoric acid to 
remove the ammonia. 

497. Properties, — Pure water is a tasteless inodorous 
liquid/perfectly neutral to litmus and turmeric, and, of course, 
without action on any aqueous reagent, which is not, like 
bismuth or antimony salts, visibly decomposed on addition 
of water. Small quantities appear colourless, but when 
viewed in masses it is found to be blue. Perfectly pure 
water being easily procured in any quantity, it is used as a 
standard of comparison in the determination of certain 
physical properties (densities, specific heats, etc.) of sub- 
stances, and for defining the fixed points of our thermometers. 
Hence it is only a repetition of the definitions of these 
points to say that water freezes at o° and, under a pressure 
of 760 mm., boils at 100®. 1091 volumes* of ice of 0°, by 
absorbing 79*25 units of heat (per unit-weight) give 1000 
volumes of liquid water of 0°, which when gradually heated 
first contract to assume their maximum density at +4°, and 
then expand in accordance with the following table : — 

t= o** 4** 8° 15° 50° 100° 

vol. =1000 99988 999*99 10007 101177 1043*0 

The maximum tension of vapour of water at t° equals the 
pressure of P mm. of mercury of 0° ; 

t = o' 10** 15** 20** 30° 50** 100° 
P=4'6 9*17 127 17-39 31-55 9198 760 mm. 

498. The identification of water, if not rendered un- 
necessary by the known history of the specimen, is easily 
effected by the observation of its negative, general, and 
chemical properties, provided that there is a sufficiency of 
material. But if the specimen given was only small the 
problem of giving a rigorous proof of its identity would not 
just be easy. Probably the best method — in addition to the 

* BuHsen, 
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well-known negative qualitative tests — ^would probably be 
to institute a perfectly direct comparison of the substance 
with an authentic specimen of H2O, with regard to expan- 
sion by heat (especially the situation of the point of maxi- 
mum density), freezing point, and vapour tensions ; and to 
show that the substance, when burned with oxide of copper, 
yielded nothing but itself without loss or increase of weight. 

499. Examination of a substance for Water, 

(a) Solutions, — In order to see if a given solution is an 
aqueous one, we subject it to distillation from an oil-bath 
kept at a temperature at which the residue is not apparently 
decomposed, and examine the distillate. Of the many 
cases that may present themselves, the following are the 
most important: (i) The distillate impure water {vide supra) ; 
(2) It is an aqueous solution of volatile acids or alkalies. 
In this case re-distillation with respectively caustic soda or 
phosphoric acid would yield pure water. (3) The distillate 
contains or consists of other volatile substances, than those 
mentioned in (2). If, in such a case, the distillate consists 
at least partially of water, it is generally possible to separate 
out some of it by fractional distillation. 

(b) Solids. — ^A solid, say for instance a salt, may contain 
water in three forms : (i) as a mechanical admixture ; 

(2) in loose molecular combination {e,g, as cr3rstal-water) ; 

(3) in atomic combination, i,e, in the form of hydrates 
properly so called. It being impossible, by purely experi- 
mental methods, to distinguish hygroscopic from loosely 
combined water we at once pass to case (2). Most of the 
compounds of this class are dehydrated at ioo°-i 10°, and, if 
the residue is not volatile at these temperatures, can thus 
easily be analysed. The water, if its quantity is not too 
small, may be collected and identified. This however is 
rarely done ; the proof of the volatilized matter being water, 
if not rendered unnecessary by the known history of the 
substance, being generally established ixid\iec\X'j) €\J^^x Xs^ 
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showing that the quantities of the several elements present 
in the substance besides those of H^O have remained un- 
changed in the process, or else by showing that the residue, 
when treated with pure water, is re-converted into the 
original substance. Oase (3). — Metallic Hydrates may be 
classified as follows : (i) Such as are easily dehydrated at 
or below a dull red-heat ; exx. : the hydrates of the oxides of 
the copper^ arsenic^ and iron groups and of magnesium. The 
anhydrides of these hydrates (except MgO and AS2O5) do not 
rccombine with water. (2) Such as can be dehydrated only 
by prolonged exposure to a bright red heat ; exx. : the 
hydrates oi strontia and lime; these two oxides greedily re- 
combine with water. (3) Such as cannot be dehydrated by 
mere heating ; exx. : the hydrates of baryta^ potash^ soda. 
From these the water can be expelled and quantitatively 
determined by fusion with an excess of anhydrous bichromate 
of potash^ or of borax-glass ^ or of silica. Ex, : 2KH0"f 
KaOCraO(,= 2K20Cr08+ HjO. Bydrated acids,— Mzny di- 
and polybasic acids can be <iehydrated by mere heating ; 
but apart from the few cases in which the anhydride is 
absolutely stable in the heat (like silica, tungstic trioxide) 
these processes cannot be discounted in analysis. The 
determination of the water in an acid is usually effected, either 
by evaporating a known weight of the acid with a known 
weight of (excess of) some anhydrous oxide, like oxide of 
lead, and weighing the residue ; or else by comparing the 
formula of the acid with the formula of a well-defined an- 
hydrous salt. Example : acetic acid=C2H402; acetate of 
silver=C2H3Ag02 ; hence, C2H4O2 contains \^%0 of 
potential water. 

500. The Examination for Impurities 

of a water meant to be used for chemical or domestic 
purposes may be conducted as follows : — 

I. See that the water is clear, colourless, inodorous, not 
infected with a bad taste, and neutral to test-paper. 
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2. Measure out quantities of, say 100 cc, in test-glasses, 
apply the well-known reagents for chlorine, sulphuric acid, 
lime, heavy metals, etc., and note the effects. In the case 
of negative results, concentrate a large quantity of the 
water by evaporation in a platinum or silver dish (or in 
default of these in a Berlin porcelain basin — not in glass) 
to Y^th or ^th of its original volume and repeat the tests. 
Or, what is better : 

3. Evaporate a known volume, 100-500 cc, in a tared 
platinum basin to dryness. Perfectly pure water of course 
leaves no residue ; but practically, even with distilled water, 
we must tolerate, say 2 milligrammes per litre. If there is 
an appreciable residue, dissolve it in a little pure water or 
very dilute hydrochloric acid and apply the tests (2). 
Note, — The most delicate reagent for lime and magnesia 
salts is a solution of '' sapo mollis^ (Pharmacop. Lond.) in 
50 per cent, alcohol (15 grms. per litre). To use this 
reagent, first determine the (small) volume of it which must 
be added to 100 cc. oipure water to produce a mixture which, 
when shaken, yields a thick relatively permanent froth. If 
100 cc. of the water under examination requires more than 
that minimum volume of soap-solution to exhibit the same 
phenomenon, this indicates the presence of lime or magnesia 
salts, and the excess is proportional to the joint number of 
equivalents of lime and magnesia present, and hence a 
measure for the * hardness * of the water. 

4. Test for Ammonia by adding, to 100 cc, two or three 
drops oi mercuric chloride and one drop oi carbonate of potash. 
If it was previously ascertained that the latter reagent foritself 
produces no visible effect, a white precipitate formed proves 
the presence of ammonia. Or else use Nessler^s reagent 
according to § 266. A more refined method is to distil 
\ litre of the water with about i gramme of ignited carbonate 
of soda, and to examine the first 50 cc. of distillate. \iNessler^s 
reagent be used, the ammonia may be determined quanti- 
tatively by ascertaining how many centi-milligrammes of 
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ammonia have to be added to 50 cc. oipure water to produce 
a mixture which, on addition of say i cc. of * Nessler^ pro- 
duces the same depth of colour as the 50 cc. of the distillate 
obtained from the water. To determine 

5. The * Albuminoid^ Nitrogen^ a most important element 
in the valuation of a drinking water, continue the above 
distillation until the last drops of distillate no longer contain 
any ammonia, and then see if an additional quantity of this 
base can be produced by resuming the distillation after 
addition of permanganate of potash and caustic potash. 
The ammonia which now comes over must owe its origin to 
nitrogenous organic matter in the water, — if the reagents 
were perfectly pure, which must be ascertained by an experi- 
ment au blanc mth/ure water. 

6. Test for nitrous and nitric acids by applying the refined 
methods of examination given in §§ 387 and 393, either to 
the water in its natural state, or to the residue obtained on 
concentrating a large quantity after addition of some carbon- 
ate of potash. 



X. OXYGEN. 

Elementary oxygen exists in two allotropic modifications, 
viz., as ordinary oxygen O2, and as Ozone O3. (Regarding 
the latter, see § 507.) 

501. Ordinaxy Oxygen is an inodorous, tasteless, colour- 
less, permanent gas of the spec, gravity i'io57 (Air=i). 
Coefficient of absorption at 15°, for water =0*030 ; for 
alcohol 0*284 (volumes reduced to 0° and the prevailing 
pressure). It is largely absorbed, chemically, by a solution 
of alkaline pyrogallate with formation of a dark-coloured 
liquid ; by a solution of cuprous chloride in hydrochloric 
acid or in ammonia; by vaoist phosphorus, and at a i:ed heat 
by metallic copper. Oxygen and nitric oxide, when mixed 
together, unite at once with fomiation of brown-red fumes 
of N2O3 and N2O4. This is quite a specific reaction for 
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oxygen. The well-known property of inflaming a glowing 
splinter is exhibited not only by approximately pure oxygen 
but by any mixture of oxygen and nitrogen containing at 
least 50 per cent- by volume of the former gas. This 
phenomenon is also exhibited by nitrous oxide^ which, how- 
ever, is easily distinguished from oxygen by its not acting 
on nitric oxide. 

502. The detection of combined Oxygen 

is one of those problems of ultimate analysis which have not 
yet found even a relatively general solution. And, if we 
had such a method, unless it were very easy of execution, it 
would be of little use to the practical analyst. Because his 
object generally is to ascertain the nature of the substance 
under examination, and as ninety-nine out of every hundred 
substances contain oxygen, the evidence afforded by the 
proof of the presence of this element in a given substance 
would be of little value. But the problem of ascertaining 
whether or not a given definite compound is or is not an 
oxide, and, if it is, of determining its percentage of oxygen, 
is of the highest possible interest to the investigator. We 
shall therefore here give a short sketch of the principal 
methods we possess for its solution. These may be 
classified as follows : — (i) Direct synthetical methods ; 
(2) Anal)rtical methods proper, />. such as are applicable 
to individual specimens; (3) Indirect methods which, 
though inapplicable to the specimen^ may serve to determine 
the composition of the species, 

503. (i) Direct Synthesis from the elements has served, 
or helped, to establish the compositions of the most important 
binary oxides ; for instance those of H2O, SO2, CO, CO2. 
The oxygenated nature of these compounds is as well esta- 
blished as that of O2 itself ; hence, if in the investigation of a 
substance we can, without introducing oxygen from without, 
produce from it one of them, this amounts to a demonstra- 
tion of the presence of oxygen in the original substance. 
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504. (2) Of the Analytical Methods some are direct and 
susceptible of qualitative application, while others are 
indirect and purely quantitative. In the former, the oxygen 
is actually eliminated as such, or in the form of a well- 
defined oxide. Such elimination may be effected — (a) By 
the effect of Heat alone. This method is very widely applic- 
able theoretically, inasmuch as most compounds, by the 
application of an intense heat, can be caused to dissociate, 
but practically it is available only for the small number of 
substances which, like the following, lose oxygen at a red 
heat. A red heat reduces completely the oxides of gold^ 
platinum^ silver^ mercury; it reduces incompletely the 
higher oxides of manganese to MnsOi ; those of chromium 
to Cr203 ; those of lead to PbO ; those of barium to BaO. 
Other oxides which can be conveniently deoxygenated by 
heating are : all chlorates and perchlorates, some iodates 
(including I2O6), and periodates. Nitrates, chromates, 
permanganates, and iodates and periodates generally, when 
exposed to a red heat, lose in general only 2, part of the 
oxygen of the acid even. The oxygen liberated in such 
cases is easily identified, and if nothing else goes off besides 
the oxygen, it may be determined quantitatively by identify- 
ing it with the loss of weight suffered by the substance. 

(b) By the joint effect of Heat and Reagents, The reagents 
usually employed are : hydrogen, carbon, carbon and 
chlorine, metallic copper. Hydrogen at a red heat reduces 
completely the oxides of arsenic, antimony, tin, lead, bis- 
muth, copper, cadmium (?), nickel, cobalt, iron ; it reduces 
to lower oxides the higher oxides of manganese (to MnO) ; 
those of uranium (to UO2) ; it reduces incompletely oxide 
of zinc. It does not reduce at all the oxides R^'O or R'20 
of the barium and potassium groups, alumina, silica. The 
water formed in these reductions may be condensed, partly 
as such (for identification), the rest by means of chloride of 
calcium or oil of vitriol, and its quantity be determined by 
direct weighing. All oxides reducible by hydrogen can be 
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reduced also by carbonic oxide^ with formation of carbonic 
add^ which product, in the case of small quantities of 
oxygen, is more easily identified than water. Metallic 

copper reduces at a red heat all oxides of nitrogen to N2 
with formation of oxide of copper, which, in its turn, can be 
reduced by hydrogen or carbonic oxide, and thus be 
identified as an oxide. Metallic copper does not act on 
the oxides H2O, CO, CO2 ; hence it may serve to determine 
oxygen given as O2 or as N2OX beside the oxides named. 
Carbon at a red or white heat reduces most of those 
oxides which resist the action of hydrogen; but these 
reactions, on account of practical difficulties, are not of 
much avail in exact analytical experiments. Carbon 

and chlorine, when applied conjoin dy at a sufficiently high 
temperature, are capable of reducing almost all binary 
oxides; the oxygen being converted into carbonic oxide 
and acid, while the radicle combines with the chlorine. In 
this way silica and alumina, for instance, may be de- 
oxygenated. There is no reason, theoretically, why the 
carbon oxides should not be separately determined, and 
their oxygen, />. the oxygen of the substance, be calculated ; 
but the proper modus operandi has not yet been worked out. 
The quantity of oxygen eliminated is therefore always 
determined by the indirect methods to be given below. 

606. (3) Of the indirect quantitative methods we shall 
give two as being of comparatively wide applicability. The 
one, which chiefly applies to metallic oxides, consists in 
converting the oxide into a chloride — (i) by heating the 
oxide in a current of dry hydrochloric acid; or (2) by 
dissolving it in the aqueous acid, evaporating to dryness 
and dehydrating the residue in HCl gas ; or (3) by means 
of carbon and chlorine, — and determining the quantities 
corresponding to one another of oxide S, chloride C, and 
chlorine in the chloride c. Obviously the oxygen in S parts 
of substance = S — (C — c). These quantities, however, can, 
as a rule, not be obtained in a strictly synthetical manner^ 
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but must be procured indirectly by determining, for two 
known quantities of ready made chloride, the quantities of, 
respectively, oxide and chlorine which can be obtained 
from them. It is also to be observed that the processes 
(i) and (2) do not alwajrs eliminate the whole of the oxygen, 
but stop after formation of a certain oxychloride. 77ie 

second method is to determine in a given weight of the sub- 
stance all that which is not oxygen and ascertain the weight 
of the latter by difference. This method is alwa3rs employed 
in the ultimate analysis of carbon compoimds. It is, how- 
ever, easily seen that it cannot possibly be very exact, and 
that, if in the qualitative anal3rsis any element was over- 
looked, it is put down as so much oxygen. It was in 
consequence of such an oversight that taurine was for a 
long time supposed to be C2H7NO6 until Redtenbacher 
showed that the substance contains sulphur^ and its real 
composition is C2H7NSOS; SOs being quantitatively =05. 

506. Indirect Methods of Investigation.— In a great 
number of the best-known oxides the presence and propor- 
tion of oxygen were determined, at least originally, not by 
mere experiment but by a combination of experiment and 
theory. Thus, for instance, the composition of the oxide 
' Magnesia ' was determined in something like the following 
manner : A weighed quantity of the base was converted 
into sulphate by treatment with sulphuric acid, the excess 
of the latter and the water driven off by heat and the weight 
of the sulphate determined, i part of oxide gave 3*00 
parts of sulphate. In the whole of the process nothing but 
water and sulphuric acid was observed to go off, and the 
sulphate when decomposed by an intense heat 3rielded only 
SO, and O, but no water. Hence the matter gained by 
the oxide must consist entirely of the elements of anhydrous 
sulphuric acid, a residue which by previous experiments had 
been proved to be SOs, and the sulphate consequently have 
the composition M.SOs, where {M =40 parts of magnesia 
(for 0=16, 8=32). To ascertain the constitution of Mj 
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the sulphate of magnesia was compared with the sulphate of 
oxide of zinc, which is extremely similar to it in its properties 
and reactions. This comparison showed that for every 
hydrate and double salt of the zinc salt there was a corre- 
sponding isomorphous and otherwise very similar salt of 
magnesia, and that in all cases the difference in composition 
consisted only in this, that where the zinc salt contained 81 
parts of zinc-oxide, the magnesia salt contained M=4o 
parts of magnesia. Now the 81 of oxide of zinc were 
known by direct synthesis to contain 0=i6 parts of 
oxygen, i.e. to be ZnO, and hence it was concluded that 
the equivalent quantity of magnesia also must contain 
0=16 parts of oxygen combined with 40 — 16=24 =Mg 
parts of a then unknown metallic radicle. This conclusion 
subsequently was amply confirmed by the analysis of the 
chloride and by other experiences. We shall now 

pass to a case in which a similar method and similar 
reasoning, when subsequently tested by direct experiment, 
proved fallacious. The composition of yellow oxide of 
uranium was originally deduced from the ratios in certain 
uranic salts, of oxide to acid, on the assumption of these 
salts being similar in their constitution to what were 
assumed to be the corresponding salts of ferric oxide. The 
comparisons showed that, in regard to corresponding salts, 
288 parts of uranic oxide were equivalent to, i.e. * saturated/ 
the same quantity of acid as 53*3 parts of ferric oxide 
known to contain 0=i6 parts of oxygen combined with 
fe=37-3 parts of metal. Hence it was concluded that the 
288 parts of uranic oxide likewise must contain 16 parts of 
oxygen combined with R=272 parts of a metallic radicle 
which was called * uranium.' The result was confirmed by 
the experience that 288 parts of uranic oxide (just like feO 
parts of oxide of iron) when ignited in hydrogen lost 16 
parts of oxygen and left R=272 parts of residue. And as 
the atomic weight of iron was assumed to be=Fe=f fe, 
the atomic weight of uranium was put down at U=f R=4o8. 
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Thus, for instance, the formula of the most stable sulphate 
of uranic oxide was assumed to be U2OS.3SOS in analogy 
with Fei03,3SOs (normal ferric sulphate). Ever}'body will 
admit that, allowing the supposed analogies, the reasoning 
was as good as the one employed in the case of the 
magnesia. The result, in fact, was universally adopted as 
correct until Peligot showed that the reputed metal, when 
ignited with charcoal in chlorine, yielded a chloride, con- 
taining, in combination with chlorine, a residue of which 60 
parts could be converted by a virtual oxidation into 68 
parts of the radicle * U.' Thus the reputed element turned 
out to be an oxygenated radicle containing 02=32 parts 
of oxygen in every R=272 parts: and the correct com- 
positions of 



The oxygenated radicle I The yellow oxide i The sulphate 

were proved to be 
R=rO, RO=rOj ROSOaSsrOa-SOs 



where r stands for 240 parts of the true element This, as 
everybody knows, are our present formulae for the three 
substances ; until lately, however, the atomic weight of 
uranium was supposed to be=Jr=i2o=* U,* so that, not- 
withstanding «' the great change in the meaning of the 
symbol *U,' the yellow oxide remained a sesquioxide. 

607. Ozone Ot 

is formed when a current of electric sparks is passed 
through ordinary oxygen ; 203(4 voL)=302(6 voL) It is 
also produced in the slow oxidation of phosphorus in moist 
air. Ozone is known only as an admixture of ordinary 
oxygen. 

Chemically it is characterised chiefly by the facility with 
which it passes into the more stable condition of O2. The 
conversion can be brought about : (i) by temperatures 



Oxygen. 317 

exceeding 250"* ; (2) by contact with certain reagents 
capable of abstracting the third atom of oxygen in the 
molecule Os. In these reactions ozone may act as an 
oxidizing or as a reducing agent Examples of oxidiz- 

ing action. — ^When ozone is shaken with mercury, the metal 
is partially oxidized and thereby becomes viscid ('draws 
tails '). Iodide of potassium solution absorbs ozone 

with formation of free iodine and iodate; on subsequent 
addition of hydrochloric acid, the whole quantity of iodine 
equivalent to the third atom of oxygen is liberated. 
08+2HI=02+H20+l2' Ozone bleaches indigo and 

other vegetable colours by oxidation. It converts 

sulphide of lead into sulphate, finely divided silver into 
oxide and peroxide. Example of a reduction. — Ozone 

and peroxide of hydrogen mutually reduce each other thus : 

H202 + 03=202 + H20. 

508. Peroxide of Hydrogen l^jd^ 

is formed in the decomposition of the peroxides of potassium, 
sodium, and barium, by excess of dilute acids in the cold. 
Ex. Ba02+ 2 HCl = BaCl2 + H2O2. An aqueous solution of 
peroxide of hydrogen when dehydrated as far as possible 
by being kept in vacuo over oil of vitriol leaves a colourless 
syrupy residue of 1*45 spec, grav., no^reezing at —30°, 
slightly volatile at ordinary temperatures, and miscible in 
all proportions with water. The reactions of peroxide of 
hydrogen are those of a loose compound of water and 
oxygen H2O.O; it readily breaks up into the two con- 
stituents with evolution of heat. The decomposition can 
be effected: (i) By the action of heat ; when once started 
in pure or in the concentrated aqueous peroxide, it con- 
tinues by itself. (2) By the *catal)rtic' action of 
finely divided platinum^ silver^ charcoal^ and other sub- 
stances. (3) By contact with certain oxides^ the 
oxygen evolved in such cases being supplied, the otve-lvaK 
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by the peroxide of hydrogen, the other by the oxide added. 
Ex. : Ag20+H202=Ag2+02+H20. MnOz+HjO, 

(in presence of dilute sulphuric acid)=MnO(S0,)+ 
H2O+O2. In dilute solutions the presence of per- 

oxide of hydrogen can be proved by the following tests : 
(i) Very dilute aqueous H2O2 does not^ in itself^ act on 
iodide of potassium (this distinguishes it from ozone) ; but it 
does so on addition oi ferrous sulphate^ through the transi- 
tory formation of ferric salt, with liberation of iodine. 
(2) It decolorizes y in presence of sulphuric acid, a solution 
oi permanganate of potash. This reaction may serve for the 
quantitative determination of peroxide of hydrogen ; Mn207 
corresponds to 5H2O2. (3) When an eoccess of peroxide 

of hydrogen is added to chromic acid^ the latter is converted 
into a peculiar intensely violet compound, which, when the 
mixture is shaken with ether, passes into the ethereal layer. 
This is the most delicate test for H2O2. (4) It reduces 

ferricyanide of potassium to Terrocyanide. 



Summary of Operations available for the Detection of the 
Non-Metallic constituents of Substance in general, and 
of the Inorganic Acids in a Mixture of Metallic Salts in 
particular.* ^ 

A. — ^Por Solids. 

609. I. The Substance is gradually heated to higher and 
higher temperatures in a sublimation tube. 

A sublimate of Water indicates the presence of hydrates. 
Evolution of Ammonia : the presence of certain ammonia salts. 

II Oxygen : the presence of salts of oxygen-acids of the 

Halogens^ Nitrates^ etc. 
Formation of Charcoal : Organic substances. 



k 



* For deudls of opeTa\iotv& and. (Vva\\^caX\ot^ of statements see the respective 
chapters. 



Summary of Reactions of Acids. 319 

610. II. The Substance is heated in a sublimation tube 

with Soda-Lime. 

The evolution of Ammonia proves the presence of com- 
bined nitrogen, and. points to ammonia salts, amides, nitrides , 
and, in presence of organic matter, to nitrates or nitrites. 

511. III. The Substance is Iieated with Carbonate 

of Soda, 

{a.) on charcoal in the reducing flame : Sulphur in any 
state of combination is reduced to hepar, recognised by its 
action on metallic silver. 

(b.) At the end of di platinum wire in the oxidizing flame : 
this may lead to the detection oi silica (or of manganese). 

512. IV. The Substance is treated with Oil of Vitriol in a 
test'tube, first in the cold, then in the heat. 

(i.) If there is no gas or vapour evolved : this shows the 
absence of considerable quantities of volatile acids and 
carbon compounds. 

(2.) Evolution of oxygen suggests the presence of chromic, 
permanganic acid, metallic peroxides, or other forms of 
loosely combined oxygen. 

(3.) Colourless acid fumes may contain or consist of — 
HCl, recognised by its causing a cloudiness in a 

drop of silver solution exposed to it. 
HNOt : addition of copper produces red fumes. 
HF : attacks glass ; confirmed by repeating experi- 
ment in platinum as shown under fluorine. 
SiF4 : dissolves in water with formation of gelatinous 
silica and aqueous SiF6H2. 
(4.) Yellowish-green vapours, bleaching indigo, point to 
chlorates or hypochlorites. 
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(5.) Violet vapours of Iodine indicate iodides, or iodates 

present along with reducing agents. 

(6.) Brown vapours may consist 'of N2OS (or N2O4), 

indicating nitrites^ or of Bromine^ indicating bromides or 

bromates. 
(7.) Evolution of CO or CO2, or both, proves the presence 

of carbon compounds. 

Carbonates give CO2 only "^ 

Cyanides \ give CO and Uttle or [J^^ mixture 

Formates] no CO^ f ^^^J"""^ 

Oxalates give equal vol of CO and COj. J ^^^^^^• 
Most non-volatile organic substances (proper) give COg, 

SO2, and more or less charcoal. 

513. V. When heated with Oil of Vitriol and 
Bichromate of Potash 

all sufficiently non-volatile carbon-compounds yield carbonic 
add, 

B. — For Solutions of Inorganic Metallic Salts. 

(To simplify statements, the solution is supposed to be 
neutral or alkaline, and to contain no other bases but 
potash or soda.) 

514. I. On gradual Addition of Excess of 
Hydrochloric Acid, 

(tf.) In the cold, or at a gentle heat, there may be liberated : 
Gaseous CO2, indicative of Carbonates. 
„ H2S „ Sulphides. 

{b,) On boiling (respectively, distillation) there may be 
liberated (and pass into the distillate) : 

SO2, indicative of Sulphites, Thiosulphates, or Poly- 

thionates. 
NCKf indicative of Cyanides. . 
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The following insoluble substances {inter alia\ may 
separate out : — 

White Sulphur (along with H2S) from polysulphides. 

Yellow Sulphur (along with SO2) from thiosulphates, 
polythionates. 

Iodine, through the joint presence of iodides and oxidiz- 
ing, or iodates and reducing, agents. 

SilicUy a colourless, gelatinous precipitate ; can be 
separated out completely by evaporation to drjmess 
and treatment of residue with water. 

Tungstic Acid, The precipitate is white in the cold but 
becomes yellow on heating. 

Molyhdic Add, A white precipitate very readily soluble 
in excess of acid. 

Both these acids are soluble in ammonia ; dry Si02 is 
not. Solutions of tungstates and molybdates give charac- 
teristic colours with zinc and hydrochloric acid. 

Stannic Add, soluble in excess of hydrochloric acid. 

Insoluble cyanides; the distillate as a rule contains hydro- 
cyanic acid. 

Sulphides of the Arsenic group (as a rule, though not 
necessarily, along with HgS), through the presence 
of thiarsenates, etc. 

Boradc Add^ (from very concentrated solutions only). 
A crystalline precipitate easily soluble in warm 
water. 

Note. — This list is not complete ; on the other hand, as needs hardly 
be said, the substances named could not by any means be all produced 
simultaneously; thus H^S and SO^, HgS and 1 2, mutually exclude 
each other. 



* If we had included organic acids, we should here have to add, benzoic or 
similar acids. 
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II. Effect of Reducing Agents, 
515, (A.) Zinc and Hydrochloric Add act as follows : — 



Acid, 

Manganese Acids (green or pnrple 

solutions). 
Chromic Acid (intensely yellow or 

garnet-red). 

ungs 1 ^^^ (neutral*) solu- 
Molybdic > ^. , , 

-. J- ♦ I ^^0^ colourless. 

Arsenic Acids. 



Antimony Acids. 

Stannic Acid. 
Nitrogen acids. 

Phosphorous and 
Hypophosphorous adds. 



Sulphuric or hyposulphuric acid 
(in concentrated solutions only). 

Other sulphur acids. 

Iodic acid. 

Bromic acid. 

Chloric, chlorous, h3rpochlorous ) 
acids. ) 

Perchloric acid 



Product, 
Manganous salt (colourless). 

Chromic salt (green). 

Dark-coloured solutions of lower 
oxides. 

Gaseous AsH, ; little metallic 

arsenic 
Much metallic antimony; little 

SbH,-gas. 
Crystalline precipitate of metal. 
Slowly and only partially reduced 

to ammonia salt 
(Small quantity of) gaseous PH,, 

imparting to the hydrogen the 

property of burning with a green 

flame.t 
Small quantity of H,S. 

Much H,S. 

HI; 

HBr. 

HCL 

is not reduced. 



516. (B.) Action of Zinc and Iron^ or of Aluminium^ in 

presence of excess of Alkali. 

on continued heating are com- 
pletely reduced to ammonia, 
are slowly reduced to AsH^. 



Nitrous and nitric acids 
Arsenic acids . . . . 



t In abseace of other hydrides. 
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617. (C.) Action of Sulphurous Acid, 



Manganates, permanganates, 

Chromates 

Free arsenic acid .... 



Free iodic acid ) 

lie „ J • • • • 



„ bromic 



reduced to manganous salt, 
reduced to chromic salt 
on heating very slowly reduced 
to As,0,. 

{reduced, first to halogen, then 
to HI and HBr respectively. 



The acids HCIO, HCIO2, HClOs, after liberation by 
sulphuric acid, are reduced to HCl (which precipitates 
nitrate of silver). 

On h^^ phosphorous and hypophosphorous acids sulphurous 
acid acts as an oxidizing agent. When treated with this 
reagent they yield precipitates of sulphur with formation 
HsPO*. 

518. (D.) Action of Indigo Solution. 

Solutions of nitrates, nitrites, chlorates, hypochlorites, 
iodates, permanganates, and chromates when mixed with 
excess of hydrochloric or sulphuric acid, decolorize indigo, 
at least on boiling. Hypochlorites decolorize indigo with- 
out the help of free acid; chloric, when liberated by 
sulphuric, does not bleach indigo in the cold, but it does so 
on addition of sulphurous acid. 



III. Effect of Oxidizing Agents. 

519. (A.) Free Chlorine 

converts, in acid as well as alkaline solutions, 

Arsenious acid into arsenic. 

Lower phosphorus acids „ phosphoric. 

Lower sulphur acids, except HgSsOe . . • „ sulphuric. 
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From neutral or acid solutions of 



Iodides 



Bromides 



CI3 liberates I,, which by an 
excess of Q, is converted into 
10, H. 

Q, liberates Br„ which is not 
much affected by excess of CI,. 



520. (B.) Permanganate of Fotash 

offers this great advantage that the reactions are visible^ 
in sulphuric solutions through the decolorization of the 
reagent, in alkaline ones through the separation of a brown 
precipitate of hydrated binoxide of manganese. By the 
action of the reagent, 

Lower sulphur-acids (except H2S2O6), in alkaline as well 
as acid solutions, are oxidized into sulphuric. 

Nitrous acid^ after having been liberated from a very 
dilute solution by sulphuric acid, is oxidized into nitric. 

Arsenious acid^ in acid as well as alkaline solutions, is 
oxidized into arsenic. 

lodidesy in neutral or alkaline solutions, are converted 
into iodates. 

Bromides,^ under the same circumstances, remain un- 
changed; but on acidification with nitric acid, a brown 
precipitate of MnOa at once appears. 

Dilute Chlorides are not changed. Relatively concen- 
trated solutions of hydrochloric acid, however, decolorize 
permanganate very appreciably. 

Peroxide of hydrogen^ in very dilute sulphuric solutions, 
decolorizes permanganate with evolution of oxygen. 

621. (C.) Iodine Solution, 

(Solution of iodine in iodide of potassium. Such a solu- 
tion is dark brown ; on large dilution with water it becomes 
yellow.) 

Solutions of the acids to be named when rendered 
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alkaline by alkaline bicarbonate^"' decolorize iodine^ with 
formation of iodide and the products to be named. 

Arsenites are oxidized into arsenates. 

Sulphites „ „ sulphates. 

Thiostdphates „ „ tetrathionates, 

Hyposulphates are not changed. 

Polythianates not S406R2--- ? 

These oxidations go on also in acid (HCl)- solutions, but 
the oxidations are, in general, not complete. 

Free sulphuretted hydrogen decolorizes iodine with pre- 
cipitation of sulphur. 

522. IV. Action of Nitrate of Silver. 

This reagent when applied to neutral or alkaline solutions 
precipitates a great number of acids, but of the silver salts 
formed only the following are 

Insoluble in nitric add : 

Sulphide (black) K , ^, . 

Iodide (yellowish) ^ ^^^^^^^^^ ^^ ammonia. 

Bromidet 

Chloride 

lodate 

Bromate 

Cyanide 

Metallocyanide 



} 



tDifficultly soluble. 



Soluble in ammonia. 



) Decomposed at a red heat; residues, 
J Ag+ metal + metallic carbide. 

The following, though insoluble in water, are soluble in 
nitric acid: — 

Oxidet (brown), carbonate (white), chromate (red), 
arsenite (yellow), arsenate (brick red), phosphate (yellow), 
sulphite (white, not very easily soluble in HNOj). All 
soluble in ammonia, and more or less readily also in nitrate 
of ammonia. 

* Caustic alkali decolorizes iodine with formation of iodide and iodate. 
t Here mentioned because it may be precipitated through the presence of caustic 
alkali in the original solution. 
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The following silver salts, when formed in a neutral or 
alkaline solution, are decomposed, especially on heating : — 

Phosphite ) with formation of black metallic silver, 

Hypophosphite j and phosphate. 

Thiosulphate ) with formation of black sulphide of 

Polythionates J silver and HjSO*. 

If the filtrate firom a nitrate of silver precipitate contains 
chlorine as RCIO or RClOs, such chlorine can be precipi- 
tated by addition of sulphurous acid (and if necessary 
HjSOi, and more of the reagent), as AgCL 

523. V. Action of Chloride or Nitrate of Barium, 

By means of these reagents a great number of acids can 
be precipitated from neutral solutions of their salts, but of 
the baiyta-salts which can thus be produced only a few 
have characteristic properties. 

The sulphate [and selenate] are the only ones which are 
not soluble in cold dilute hydrochloric or nitric acid.* The 
fluosilicate^ it is true, behaves similarly, but it can easily be 
distinguished firom the other two by its not giving a * hepar ' 
when fiised on charcoal with carbonate of soda in a reduc- 
ing flame.t The sulphate is practically insoluble even in hot 
hydrochloric acid [which decomposes selenate with evolu- 
tion of chlorine]. 

[The tungstate is white ; when decomposed with hydro- 
chloric acid in the heat, it 3rields a yellow precipitate of 
tungstic acid.] 

The sulphite is soluble in hydrochloric acid ; the solution 

decolorizes permanganate with formation of a precipitate of 

BaSO*. 
The chromate, pale yellow, somewhat difficultly soluble in 

hydrochloric acid ; zinc and hydrochloric acid convert it 

into a green solution of BaC]2 and Cr2Cl6. * 

* Observe that BaCl, and Ba{NOa)a themselves are almost insoluble in strong 
HCl and HNOs- 
i SiFfHi is not prccipated by strontia-salts^ SO4H2 is. 
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The following acids, inter alia, are not precipitated by 
bar3rta salts, not even from neutral solutions : 
Nitric, nitrous, all chlorine acids, bromic acid.* 
All lower sulphur-addsy except sulphurous. All these, 
except H2S2O6, may by the action of chlorine or perman- 
ganate be converted into sulphuric, and thus be recognised 
as a class. 

624. VI. Action of Magnesia Mixture. 

This reagent, when applied to strongly ammoniacal 
solutions, precipitates (gradually) Phosphoric and Arsenic 
acids only — as (PorAs)04MgNH4.6H20, white crystalline 
precipitates, easily soluble in all acids, including acetic, but 
insoluble in aqueous ammonia. From the hydrochloric 
solution of a mixed precipitate the arsenic can be removed 
by means of sulphuretted hydrogen in the heat; from 
the filtrate the double phosphate is re-precipitated by 
ammonia. 

Note. — Boracic, hydrofluoric, and perchloric acids must 
be searched for by the application of special operations. 

625. Let us now see how far the methods given or 
suggested in the preceding paragraphs apply to salts of 
other bases than potash or soda. What was stated 

under * I.' with regard to the action of hydrochloric acid on 
potash or soda salts holds fairly well for metallic salts 
generally ; it is only to be observed that, from others than 
alkaline salts hydrochloric acid may precipitate the insoluble 
chlorides AgCl, HgaCla, PbClg [ThCl]. The formation of 
these can obviously be avoided by substituting nitric or 
sulphuric for hydrocWoric acid. The methods founded 

on the insolubility of certain barium and silver-s2li'& in 
mineral acids, can in general be safely applied to solutions 
of any salts in the respective acids. The reactions 

resulting in the formation of barium or silver precipitates 

* Iodic and periodic adds are precipitated by baryta salts. 
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insoluble in water and in neutral potash or soda salts, may 
be extended to all those normal salts of the respective 
acids which dissolve in water ; for instance, to the ammonia 
salts; but just for these they are not quite rigorous, as 
many of the respective precipitates are more or less largely 
soluble in certain ammonia salts. Even sulphate of baryta, 
for instance, is appreciably soluble in nitrate of ammonia. 

Magnesia mixture as a test for phosphoric and arsenic 
acids can be applied to all those substances which are 
soluble, if not in water, at least in caustic ammonia, or in a 
mixture of this reagent and sal-ammoniac. It may, for 
instance, be applied to ammoniacal solutions of the phos- 
phates of cobalt, nickel, or copper, but is not applicable to 
acid solutions of lime, baryta, strontia, iron, or alumina 
salts. 

In regard to the methods which may be founded upon 
the reductions and oxidations given in II. and III., we 
must discriminate between those cases in which the charac- 
teristic phenomenon is merely a change in the reagent (e.g. 
the decolorization of iodine or permanganate), and those 
in which that which is seen is the property of a derivative 
of the acid or class of acids sought for. In the former case 
negative results, in the latter positive results, can, as a rule, 
be accepted with perfect confidence. 

To point out at least some of the sources of error which 
have to be guarded against, let us state that acid perman- 
ganate is decolorized by numerous classes of salts in virtue 
of their containing certain bases^ for instance, by ferrous, 
cuprous, mercurous salts, and that similarly stannous salts, 
silver salts (among others), have the power of reducing 
iodine. Indigo solution is decolorized by free chlorine, 
solutions of ferric chloride, manganic salts, peroxide of 
hydrogen, and also by certain reducing agents, for instance 
by hydrosulphurous acid, the lower oxides of vanadium, 
etc. 
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526. Separation of Acids from Bases, 

The following methods may serve for eliminating from a 
solution such bases as would interfere with the application 
of certain methods of acid-analysis. Generally speak- 

ing, acids may be separated : (i) From the metals of the 
copper and arsenic groups, by means of sulphuretted 
hydrogen, when the acids remain dissolved as such. 

(2) From lead and the metals of the barium group, by 
means of sulphiu-ic acid or sulphuric acid and alcohol. 

(3) From metals of the iron groups by means of sulphide of 
ammonium or sodium. (4) From metals forming 
insoluble carbonates,hy treatment in the heat with excess of 
carbonate of potash or soda. (5) From metals form- 
ing oxides or hydrates insoluble in caustic potash or soda, 
by means of these reagents. 

Notes, — None of these methods are sure to apply to 
cyanides; apart from these, (i) and (2) are almost generally 
applicable, but unfortunately many acids, for instance 
iodic, chromic, sulphurous, are decomposed by sulphur- 
etted hydrogen. Regarding (3), (4), and (5). — Do not 
apply to phosphate of alumina. In all ca^es the precipitates 
are liable to retain more or less of the acids as basic salts. 
(4) does not apply to phosphates of AljOs, Fe208, 
BaO, SrO, CaO, MgO. (4) and (5) are inapplicable to 
the compounds of ferric, aluminic, and chromic oxides with 
non-volatile organic acids. These are only the more 
important of the qualifications which the methods are liable 
to. In all cases we must take care to remember that the 
acids extracted may not have pre-existed in the substance. 



IV.— ANALYSIS OF SUBSTANCES OF 
UNKNOWN NATURE. 

627. To be able to lay down even a provisional scheme 
for the analysis of a substance, it is obviously necessary to 
know something about its chemical nature. If this indis- 
pensable basis for a systematic method is not given by the 
known history of the substance under examination, try to 
obtain it by a judiciously conducted series of preliminary 
observations and experiments. Regarding the manner in 
which such pioneering work should be conducted, it is not 
possible to give definite directions. Hence, if in what now 
follows we occasionally assume the imperative mood, the 
student must understand that we do so only for the sake of 
shortness and conciseness of expression ; what we really 
mean to give is no more than a stock of information from 
which it is left to his ingenuity to select what applies to the 
case in hand, and which he will not unfrequently have to 
supplement by methods of his own invention. 

For the sake of simplicity we assume the substance under 
investigation to be a solid, although some of what will have 
to be said will be seen to be independent of this supposition. 

The domain of analysis commences where the resources 
of mechanical modes of separation end ; hence, if an obvious 
mixture or juxtaposition of different things should present 
itself for examination, we naturally separate these, if practic- 
able, from one another, and examine each of them for itself. 
As a rule, it is expedient to begin with an 
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528. Examination into the physical properties of the 

Substance. 

1. We see whether the substance is apparently homogeneous 
or not, using a microscope if this appears necessary or 
expedient. 

2. We ascertain whether it is amorphous or crystalline, 
and in the latter case take note at least of the habitus, if 
not the exact form, of the crystals. 

3. We notice the behaviour of the substance to light; 
i.e. its degree of transparency, its lustre, its colour in trans- 
mitted and in reflected light, etc. 

4. We notice its state of cohesion^ ix, its degree of hard- 
ness, plasticity or brittleness, etc. 

5. We observe its density, at least by guessing ; some- 
times an exact determination of the specific gravity gives 
useful hints. 

6. In some cases it will be found expedient to see if the 
substance (or perhaps part of it) is attracted by a magnet. 
If it is, this points to the presence of metallic iron, nickel, 
cobalt, or magnetic oxide of iron. 

7. We study the behaviour of the substance when suc- 
cessively exposed to higher and higher temperatures. This 
however generally leads to chemical changes ; we there- 
fore reserve the discussion of this point for the following 
chapter. 

Note. — The exact observation of the physical properties of a substance, 
when backed by a sufficient knowledge of descriptive chemistry, often 
enables one to at once identify it with a certain chemical species, or as 
belonging to ths or that genus of compounds. 

Metals and alloys, as a class, can generally be recognised by their 
physical properties. It must however not be forgotten, that there are 
many minerals (for instance galena, plumbago, the several p3nrites) 
which have the appearance of, and yet are not, metals, while on the 
other hand, many metals, when given in a fine state of division, are 
devoid of metallic lustre. (Exx. : precipitated antimony, iron reduced 
by hydrogen, platinum black.) 
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Preliminary Chemical Examination, 

629. If the physical properties of our substance do not 
happen to point so decidedly to a certain chemical indi- 
vidual, or class of individuals, as at once to give to the 
chemical investigation a certain special direction, we now 
try, by a series of tentative chemical experiments, to ob- 
tain the data for the framing of a systematic process of 
analysis. 

In reviewing for this purpose the several analytical 
methods given in the preceding sections of this book, we 
find that they are all either methods for the detection ot 
certain salt radicles or methods of ultimate analysis pure 
and simple, and that, in either case, they all start, either by 
treating the substance at a high temperature with dry 
reagents, or by subjecting it to the action of liquid dis- 
integrators, such as water or mineral acids. Hence, in the 
examination of a substance of unknown nature, it is obvi- 
ously expedient to begin by studying, at least in a cursory 
manner, its behaviour at high temperatures, and its com- 
portment with the menstrua named. 

Should it turn out that the substance is, either by the 
application of heat, or of menstrua, clearly separable into 
two or more different parts, it is generally advisable to effect 
a separation in a sufficiently large scale, and to examine 
each of the products for itself. 

In any case these preparatory studies will enable us to 
see to which of our methods of testing the substance 
is directly accessible. Regarding the mode of discounting 
these methods, we have the choice between t^ principles : 
we may either start with certain hypotheses regarding the 
composition of the substance, and by properly devised 
methods test for the constituents presumed to be present. 
Or else we may take as independent variables a series of 
operations^ known to be capable of extracting answers from 
as great as possible variety of bodies, apply these operations 
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one after the other, and collect the results as they come out. 
A little meditation will show that, with a substance of 
unknown nature, the second plan is to be preferred, at the 
outset at least. As soon, of course, as some knowledge of 
the composition has been gained, it may be expedient to 
adopt the first method of investigation. 

In the following chapters we give an exposition of such 
operations as are likely, when applied to a substance, to 
extract valuable answers. . 



DRY-WAY TESTS. 

A. — Such in which the Substance is heated indirectly, 

530. I. Effect of Heat alone. — Heat a small quantity 
of the substance in a sublimation tube, first gently, then more 
and more strongly, until the glass becomes inconveniently 
soft, and observe what takes place, i,e, if, respectively at 
what temperatm-e, the substance fuses, if it is (totally^ of 
partially) volatilized, if there is a marked change of colour, 
etc. etc. 

Many organic substances will be decomposed with elimina- 
tion of charcoal. If charcoal is formed, incinerate a 
separate portion of the substance in a porcelain dish and 
keep the ash for other dry-way tests. 

Some classes of compounds {e,g, nitrates, chlorates, 
oxides of silver or mercury) will give off oxygen. Many 
unstable carbonates give off carbonic acid ; ctcid sulphites, 
and hyposulphates, will give off sulphurous acid. 

Of the great variety of Sublimates which may present 
themselves, the following are comparatively easy of identi- 
fication : — 

Water or aqueous solutions of ammonia, or of volatile 
acids. 

Mercury^ Arsenicum, Cadmium, 
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Arsatious oxide AstOs: colourless, sparkling crystals, 

readily volatile &r below redness. 
AfUimonious oxide SbsOs : white, ciystalline ; far less 

volatile than AstOs ; when heated in air^ gradually 

changed into amorphous non-volatile SbsO^. 
TWmrious oxide TesOs : similar in appearance to SbjOs. 

but perfectly non-volatile; fusible into colourless 

drops. 
Iodine : plumbago-like, crystalline ; forms violet vapours. 
[Sfi(^4M/Wivt] : in thin layers red ; in crusts, black. 
Certain sulphides^ e^. As^ HgS. 

A sublimate of HgS forms a black mirror, very similar in 
appearance to one of arsenicum ; the two substances are 
distinguished by their comportment when heated in air. 
As is converted into As^Og ; HgS into a sublimate of Hg- 
globules and SO,-gaSi 

HdMds (^ mercury.— YL^\ HgCl„ HgBr, HgBr, : white 
or whitish crusts; Hglj: yellow crystals, which when 
rubbed with a glass rod become crimson. 

Amfmmium saUs: iR^te crystalline crusts, soluble in 
water. 

531. II. SffNt of Heat and Atmospheric Ozygen. — 
Heat a small fragment of the substance in a ^ drat^hi-tubcy 
taking care, by holding the tube slantingly, to produce a 
current of air. Many substances will imdergo oxidation 
and yield characteristic products. 

Sulphur^ most metallic sulphides^ and certain other sulphur 
con^^ounds^ yield sulphurous add, recognised by its 
smell and acid reaction. Part of the liberated 
sulphur may escape oxidation. 
\Selenium and Sdenides\ behave similarly; only free 
seleniiun more frequently than free sulphur appears 
as a sublimate. 
Arsenic and many Arsenides yield sublimates of As^Os. 
Antimony^ its sulphides and some metallic antinumideSy 
yield sublimates of SbfOa. 
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Tellurious oxide^ molybdic oxide MoOs, stanmc oxide (iormtd 
by oxidation of volatile SnS2) will occasionally present 
themselves as sublimates. 

532. III. Effect of Heat and Reagents. — (a) Bisul- 
fhate of potash. Some classes of compounds when heated 
with this reagent in sublimation tubes yield characteristic 
volatile products ; for instance : 

Fluorides yield vapours of HF, attacking glass. 

Nitrates^ Nitrites: brown fiimes of N2O4. 

Bromides: brown fumes of bromine. 

Iodides: violet vapours of iodine. 

Compare chapter on action of Oil of Vitriol on salts ; 

(b) Soda-Lime, — Compounds containing nitrogen in direct 
combination with hydrogen or liietals or carbon, when 
heated in a sublimation tube with this reagent (and nitrates, 
nitrites, and other N02-derivatives, when heated with the 
reagent and combustible matter) yield Ammonia, 

(c) Caustic Soda and Nitrate of Potash, — Many substances 
when fused (in a silver dish) with these reagents, yield 
characteristic products of oxidation. Thus, for instance, 
compounds of chromium, [vanadium,] manganese, tungsten, 
molybdenum, sulphur, plwsphorus, yield alkali salts of : 

CrO, [VaaO,] MnO, WoO, MoO, SO, PaO.* 

The colours of the fused masses are : 

,, Intensely 

yellow o ^^„ 0000 

' green 

The salts are all soluble in water. For reactions of the 
solutions, see §§ 187, 189. 

B. — Operaiions in which the Substance is heated directly 
in the Flame, {^Flame Tests^) 

533. In performing these tests we may either avail our- 
selves of a blowpipeflame, or else, following the directions of 

* C7r^Atf-I»hoq;>horic add. 
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Bunsaty use the non-luminous flame produced by the com- 
bustion of a mixture of coal-gas and air (the flame of a 
Bunseris lamp). 

How to produce a bUrwpipe fiatne^ and also the difierence 
between a ^ reducmg^ and an ^oxidizing* flame, were fully 
explained in I., Exercises X. XI. XII. 

If we wish to adopt Bunsm's modus operandi, we must 
first of all procure a good * BunserCs lamp^ which should be 
provided with a slide at the draught-holes to regulate the 
draught, and with a conical chimney to steady the flame, 
and be constructed so that, supposing the draught-holes to 
be wide open, it gives a perfecdy non-luminous flame with 
the particular kind of coal-gas which is used in the labora- 
tory. In such a flame, we easily distinguish two parts, viz. : 
I St, the ^ dark cone^ containing the relatively cold mixture 
of gas and air; 2d, the Aflame-mantle^ surrounding and 
surmounting the dark cone, which consists of the burning 
mixture of gas and air. It is the mantle which is used as a 
heating medium. The highest temperature prevails in the 
centre of the * zone effusion^ ue, that zone of the annular 
part of the mantle which lies at about jth of the height of 
the *A7«^.' The inner surface of this zone (the ^ lower re- 
ducing region ') has reducing, the outer surface (the * lower 
oxidizifig region*) has oxidizing, properties. These two 
regions can in general be looked upon as being equivalent 
in their actions to a reducing and an oxidizing blowpipe- 
flame respectively. This, however, does not quite hold for 
the reducing region, which, containing a comparatively large 
amount of free oxygen besides unbumt hydrocarbons, fails 
to effect certain reductions which succeed in a reducing 
blowpipe-flame. The apex of the mantle, being of a 

relatively low temperature and rich in oxygen, is adapted 
chiefly for roasting operations. By partially closing the 

draught-holes, it is easy to produce near the upper end of 
the flame a luminous tip^ which, although it contains a 
considerable quantity of unburnt hydrocarbons, will not 
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deposit any soot on a cold porcelain basin held in it. It is 
such a tip which must be used for the execution of Bunsen's 
^ film-tests^ {vide infra). These film-tests cannot be con- 
veniently executed with a blowpipe-flame ; in case of any of 
the rest of the flame-tests to be described, however, it is, in 
general, more a matter of taste than anything else whether 
we prefer the older or the newer modus. 

534. Behaviour of Substances when heated in the flame 

by themselves. 

As a means for studying the comportment of a substance 
at high temperatures, the blowpipe off"ers the advantage of 
being the more powerful source of heat, while the Bunsen's 
lamp, on the other hand, enables one to work under more 
definite conditions, and also has this in favour of it, that it 
leaves both hands free for operating. To utilize the 
possibility however of producing by means of a Bunsen's 
lamp the same heat-efiects as those attainable in a blow- 
pipe-flame, we must take care to avoid all unnecessary loss 
of heat by radiation and conduction. We accordingly work 
upon very small samples, and use as supports for these 
either very thin platinum wire (i decimeter should weigh 
at most 34 milligrammes), or, for substances attacking, or 
refusing to adhere to, platinum, fibres of dense asbestos 
about \ mm. thick. To form an idea of the temperature 
attained in a given case, we may judge by the kind of light 
which is emitted by a thin platinum wire exposed to it, but 
we must not draw conclusions from the light emitted by the 
substance. Bunsen distinguishes the following six grades : 
(i) below redness ; (2) commencing red heat; (3) red heat ; 
(4) commencing white heat; (5) white heat; (6) strong 
white heat. The degree oi fusibility of a substance 

may be determined by exposing it successively to the six 
temperatures and noting the effects. To define the volatility 
of a substance (if it is at all volatile in a gas-flame) we may 
compare the time required for the volatilization of, say, one 

Y 
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centigramme of substance, and compare it with that required, 
under the same circumstances, by the same weight oi chloride 
of sodium or other standard substance. 

Infusible bodies, when exposed to the hottest part of the 
flame, usually emit intense Ught Such is the case, for 
instance, with lime, magnesia, pure siHca, alumina. Erbia 
has the exceptional property of emitting coloured light. 

535. Flame coloiiration. — Many substances, when gra- 
dually volatilized in a Bunsen's flame, impart, or peld pro- 
ducts of dissociation imparting, to the flame characteristic 
colours. This holds especially for the compounds of certain 
metals, and in the case of these, it is as a rule the nutd 
which determines the nature of the light emitted. If a 
metallic compound gives no colour when exposed to the 
flame, it will frequently do so after having been first heated 
in a reducing flame, and subsequently moistened with 
hydrochloric acid, the metal being by this operation changed 
into a volatile chloride. Many alkaliferous silicates 3deld 
the flame-colours characteristic of their alkali-metals only 
after having been mixed with sulpkale of lime. 

A crimson colour points to the presence of lithium or 
strontium. 

A reddish colour indicates calcium. 

A bright yellow colour sodium. 

A yellowish-green colour barium. 

A pure green colour thallium (or iodide of copper). 

Kbluish'green colour chloride or bromide of copper. 

Kpure indigo blue indium. 

A violet colour potassium [or rubidium, or 

caesium]. 

In the case of a mixture of several metals we can some- 
times observe the difierent colours successively, in con- 
sequence of the respective compounds possessing diflerent 
degrees of volatility and passing into vapour one after the 
other. 

However, the mere observation of the colour of a flame, as 



Flame Tests. 339 

a rule, is not sufficient for obtaining definite results. Perfect 
certaint}' can be obtained only by analysing the colour by 
means of a spectroscope. 

With regard to the construction of this instrument, we refer the 
student to the handbooks of Physics. To enable one to interpret its 
indications, all that it is necessary to know is, that, assuming it to be 
directed to a coloured flame, and properly adjusted, it presents to the 
observer as many images of the slit as there are refrangibilities in the 
light which passes through the slit. Hence, a flame emitting, say, 
yellow light, red light, and violet light (of the definite refrangibilities 
y, r, V respectively) will give a spectrum consisting of three images of 
the slit, viz. a yellow one, a red one, and a violet one. 

The spectra of glowing vapours of metallic compounds, 
as produced by means of a Burisen's lamp, usually consist 
of a discontinuous series of lines or bands, the mutual 
positions of which depend on the nature of the vapour, but 
are independent of tJie fluctuations of temperature which 
such a flame is liable to. 

Some of the spectra, for instance those of the alkali- 
metals, are so simple and characteristic, that they are easily 
recognised by ordinary inspection ; but even in the case of 
these it is better, and with complex spectra it is necessary, 
to identify the several lines or bands supposed to be owing 
to the presence of this or that element, by proving their 
exact coincidence with the corresponding lines or bands as 
produced from a standard substance of undoubted identity 
and purity. 

Two contrivances are used for this purpose. Either the 
spectroscope is provided with a figured scale and optical 
arrangements, constructed so that the image of the scale, as 
seen by the observer, runs along the spectrum, and each of 
its marks always corresponds to the same refirangibility ; or 
else the instrument is provided with a reflexion-prism 
placed before the slit in such a position that it covers one 
half of the slit, and that the rays of a flame placed opposite 
to it are reflected into the tube in the direction of its axis. 
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*^ Mdailk FUm^ hold a Beiiin basin of i or 2 decime- 
ters diameter (which must be glazed outside) close above 
the sample. The metal will condense on the porcelain, 
forming a dark-coloured deposit. If it is desired to collect 
larger quantities of the metal, the basin must be charged 
with water, previous to its being used, so as to keep the 
condensing surface cold. Or, what is sometimes preferable, 
we use, instead of the basin, a large test-tube half full of 
water and containing a few bits of marble to keep the water 
from ' bumping/ The metals which can be reduced in this 
manner may be divided into three classes according to their 
comportment when moistened in the cold with nitric add 
containing ao p.c. of NgOs. 
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the flame so tliat the oxide does not get diffused over too 
large a surface. The oxide-fflms may be examined by 
noting the effects produced : (i) by a solution of stannous 
chloride ; (2) the same reagent and excess of caustic 

soda ; (3) animoniacal nitrate of silver. The silver 

solution is spread over the film by means of a glass rod, 
and the moist film then exposed to a current of air previously 
passed through a strong solution of ammonia. (4) The 

oxide film may be changed into an iodide-^va by exposure 
to fumes of hydriodic acid, ix. by holding it over a bottle 
containing moist iodide of phosphorus. The iodide film 
may then be examined (i) by breathing on it, soluble iodides 
will become invisible ; (2) by exposing it to a current 

of ammoniacal air ; (3) by exposing it to a current 

of air saturated with sulphide of ammonium^ and thus con- 
verting it into sulphide. 

The following table, extracted from a more elaborate one 
appended to Bunsen's paper, will enable the student to 
interpret his observations. 

537. TABLE ON FILM TESTS 

for Arsenic, Antimony, Tellurium, Selenium, Bismuth, 
Mercury, Thallium, Lead, Cadmium, Zinc. 



The Metallic Deposits 

usually consist of two parts, viz., a continuous ^film ' and 
a discontinuous * dust ' scattered over the porcelain surface. 





All the Elements named 
except Se and Hg. 


Sdlenlnm. 


Mercnry. 


Colour of Film 
„ Dust 


Black 


Cherry-red 
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Flame tests in which the Substance is heated along 

with Reagents. 

538. (i.) Cobalt Nitrate. 

Certain white infusible oxides when moistened with 
cobalt-solution and then strongly heated in the oxidizing 
flame on charcoal (or an asbestos-stick), assume charac- 
teristic colours (without fusing). 

Product from : AljOs MgO ZnO SnOs 

is blue. reddish, green, bluish-green. 

The colours are distinctly visible only after cooling. 

Compare §§ on the respective metals. 

(2.) Carbonate of Soda. 

539. (a) On PlcUinum wire. 

Silicic add and highly acid silicates when fused with 
carbonate of soda dissolve with evolution of CO2 and 
formation of a bead, which, if sufficiently rich in silica^ 
remains clear on cooling. 

Chromium- and J^«^d5/^j^-compounds, when fused with 
soda in the oxidizing flame, give characteristically coloured 
beads. (Cr. yellow ; Mn. green.) Comp. §§ 187, 536. 

640. (b) On Charcoal. . 

Many substances when heated to redness with charcoal 
or carburetted hydrogens undergo reduction, and not un- 
frequently the properties of the reduction products allow 
one to draw conclusions regarding the elementary composi- 
tion of the substance. 

The modus operandi may assume one or other of the following two 
forms : — 

(i.) {Old Style.) — ^The finely powdered substance is placed on the 
palm of the left hand along with 2 or 3 times its bulk of carbonate of 
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soda, and the two substances are mixed by means of an ivory or steel 
knife-blade, which must from time to time be moistened with saliva so 
that the mixture ultimately forms a rather dry paste. This paste is 
placed in a small hole made in the smooth surface of a piece of good^ 
charcoal and heated in the reducing blowpipe flame, first gently, and 
then more and more strongly until the desired end is obtained. 

(2.) Bunsen*s modus, — An ordinary lucifer match (minus the head) is 
rubbed over with fused carbonate of soda crystal, and then charred in 
a flame so as to be converted into a rod of charcoal soaked with car- 
bonate of soda. 

A very small portion of the substance to be operated upon is then 
placed on one end of the charcoal-stick and exposed to the * lower 
reducing region ' of a Bunsen's flame. 

Compounds of snlplinr [selenium, tellurium] when oper- 
ated upon as just described, yield ^hepars^ i.e. fluxes 
containing NajS, [Na2Se, NaaTe], and consequently when 
placed on a silver coin and moistened with water, produce 
black stains. Many metals, by the same operation, can be 
reduced from their oxides or salts, and are obtained either 
in the shape of directly visible beads or in the shape of fine 
particles difRised through the flux and charcoal. How in 
the latter case the metal can .be obtained for itself by 
elutriation, has already been explained in Exercise X. 
If the metal is volatile from under a flux at the temperature 
employed, part of it at least will be converted into a vapour 
which, in passing through the flame, is burned into oxide ; 
and, if the operation is performed on a block of charcoal, 
part of the oxide will be deposited on the charcoal as an 
* oxide-film.^ We now proceed to state the behaviour of the 
several individual metals. 

Mercury, arsenic, zinc, cadmium are completely volatilized. 



* The charcoal should be made of fir-wood or poplar-wood. It must be free from 
discontinuities, very light, poor in ash and completely burnt out, so as not to crackle 
or give off fumes on heating. The charcoal should be cut into square blocks by 
means of a saw, in such a manner that two of the faces when produced would go 
through the axis of the branch or trunk. These faces (on which the year-rings 
appear as a set of parallel straight strips) are best adapted for blowpipe-work. 
Excellent blowpipe-charcoal can be procured from Freiberg in Saxony. 
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Of the arsenic a part may be deposited on the charcoal as 
As20s; zinc and cadmium yield considerable oxide-films, 
which can be recognised, the CdO by its brown colour, the 
ZnO by its behaviour to cobalt-solution. 

The following metals are easily obtained as very readily 
fusible beads : 



Bismuth. 



BritUe. 



Lead. 



Ductile. 



Yellow oxide-film. 



Antimony. 



Brittle. 

Copious white crystalline 
deposit of oxide. 



Tin. 



Ductile. 

Little or no 
oxide. 



The following metals, being rather difficultly fusible, will, 
as a rule, fonn no beads, but have to be searched for in the 
flux : 



Silver. 


Copper. 


Gold. 


White. 

Soluble in 


Reddish. 
No oxide-film, 
mtric acid. 


Yellow. 
Insoluble in HNO,. 



The" following metals, being infusible and non-volatile, are 
obtained, by elutriation, as heavy powders showing no signs 
or only feeblet signs of incipient fusion : 



Iron. 


NickeLt Cobalt.! 


Flatlnnm. 




Magnetic. 

Easily | Difficultly 

soluble in hydrochloric acid. 
Readily dissolved by nitric. 


Insoluble in 
nitric acid. 


Soluble in 
nitric acid. 
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It needs hardly be said that the properties of a metal 
may be considerably modified by the presence of impurities, 
not to speak of admixtures. In presence of arsenic^ most of 
the metals will be obtained as arsenides which differ con- 
siderably from the metals themselves in their properties. 
Thus, for instance, the arsenides of iron, cobalt, nickel, and 
platinum, are easily fusible. 



541. (3.) Borax and Microcosmic Salt. 

• 

Regarding the rationale of these tests we have nothing to 
add to what has already been explained in Exercise XII. 
except the statement that microcosmic salt, when heated by 
itself as long as volatile matter goes off, leaves a residue of 
NaaOP205 which resembles and behaves to metalled oxides 
pretty much like fused borax. If the tests have to be 
executed with Bunsen's flame, we must take care to use 
very thin wires and very small beads. 

In using microcosmic salt or borax for the detection of 
metals we must not lose sight of the fact that it is only the 
oxides of the metals which produce the characteristic 
phenomena, and that consequently the tests apply to salts 
only in so far as these are, by the action of the gases of the 
flame, converted into oxides, without formation of incon- 
venient bye-products. Sulphides should never be used as 
such, but first, by roasting, be converted into oxides. 

The following table gives the most important of the tests 
under consideration, h. stands for hot ; c. for cold ; ' sat.' 
for richly charged with the respective Oxide. 
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OXIDIZING FLAME. 


REDUCING FLAME. 


Borax. 


Microcoim. Sit. 


Borax. 


Microcosm. Sit. 


Cobalt. 


Blue bead. 


Blue bead. 


NldkeL 

« 


h. Reddish, 
c. Much 

fainter, 
sat Brown. 


h. Brown or 
brownish 
yellow. 

c Much fainter. 

In presence of 
Co: green. 


Grey and 

turbid from 

metal, which 

gradually 
agglomerates, 

leaving a 

clear bead. 


Same as in oxidiz- 
ing flame. 


Manganese. 


Intensely 
amethyst-red. 


Same colour, but 
less intense. 


Colourless. 


Copper. 


h. Green. 
c. Blue. 


Same as borax, 
but less intense. 


Brown-red 
and opaque. 


Same as borax. 
Sometimes : 
h. Colourless, 
c. Transparent 
red. 


Cliromlum. 


Emerald-green. 


Emerald-green. 


iron. 


h. Yellow, 
c. Colourless, 
sat : h. Red ; 
c. Yellow. 


h. Yellowish-red. 
On cooling green, 
c. Colourless. 


Bottle-green. 


sat h. Red. 

sat c. Reddish. 

Small quantities 

produce no 

colour. 


Uranlnm. 


YHlow. 


h. Qear yellow, 
c. Yellowish 
green. 


Green. 


Green. 


Molyb- 
dennm. 


h. Yellow, j 
c. Almost 
colourless. 


h. Greenish, 
c Almost 
colourless. 


Dark brown. 

sat Brown 

flakes of MoOs. 


h. Dark green, 
c Less mtense, 
but purer. 


Tungsten. 


Colourless. 


Colourless. 


Yellow. 


Blue. In pre- 
sence of iron : 
blood-red. 


Titanium. 


Colourless. 


h. YeDow. 
c. Colourless. 


First yellow ; 
on continued 
heating dark 
blue. 


c Violet ; in pre- 
sence of iron : 
blood-red. 

h. Yellowi.sh. 


SUlca. 


Colourless 

bead, 
sat Opaque. 


Does not dis- 
solve. Splinters 
of silicates yield 
SiOS-skeleton. 


As in oxidizing flame. 
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642. Preliminary Wet- Way Tests. 

In our introductory remarks on the preliminary chemical 
investigation of a substance (§ 333) we already took occa- 
sion to say that it was expedient, at the very first stage of 
this part of the work, to study, at least in a tentative way, 
the comportment of the substance with water and with the 
ordinary mineral acids. Of other general operations, the 
following may be mentioned as being likely to extract 
valuable answers : 

(i) Treatment of the substance with oil of vitriol va the 
heat (For interpretation of phenomena see § 516.) 
(2) Application of the same reagent along with bichro- 
mate of potash (§ 517). (3) Examination of the sub- 
stance with zinc and hydrochloric acid (to test for tungstic, 
vanadic, molybdic, chromic acid). Of the infinite variety 
of specific questions which, at this stage of the analysis, it 
may be expedient to address to a substance by wet-way 
operations, we can of course take no notice here. But it is 
perhaps as well on this occasion to remind the student 
that the object of the preliminary investigation of a sub- 
stance must be to try and achieve one of the three things, 
viz., either to identify the substance with a definite chemical 
species, or to prove it to consist of members of one or the 
other of those particular classes of compounds for which 
we possess, so to say, ready-made methods of analysis, or, 
if this also fails, to see our way to such a method of dis- 
integration, as will bring at least the metallic elements 
present within the range of the ordinary systematic methods 
of separation so that, supposing the metals to be all de- 
tected, we have a secure basis for the exhaustive detection 
of the non-metallic constituents. 
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METHODS OF DISINTEGRATION FOR SOME OF tHE 
MORE FREQUENTLY OCCURRING CLASSES OF 
SUBSTANCES. 

543. I. Metals and Metallic Alloys, 

A substance which presents the physical and mechanical 
characters of a metal, and which, when heated in a draught 
tube, does not (like certain metallic-looking sulphides) 
give off sulphurous acid, can in general be looked upon as 
belonging to this class, and consequently be assumed to 
contain no non -metallic elements, except perhaps small 
quantities of carbon, silicon, sulphur, phosphorus, nitrogen. 
There is no direct qualitative method for identifying as metals 
such metallic substances, which like platinum black, pre- 
cipitated antimony, etc., are apparently devoid of metallic 
properties. 

In examining an alloy we first try in a preliminary manner 
the action of water and of hydrochloric acid. If neither of 
these two reagents acts energetically it is, as a rule, best to 
use as a disintegrant : 

Nitric Acid, — The finely divided alloy is treated first 
with acid of i '2 spec, grav., which, if its action is not suffi- 
ciently quick, may be strengthened by subsequent addition 
of acid of 1*4 spec. grav. When the metal is completely 
disintegrated, the mixture is evaporated to a small bulk to 
expel the greater part of the excess of acid, the residue 
mixed with water and, if necessary, filtered. The 

residue mzy contain : {i) gold, platinum (and certain other 
metals of the platinum-group) as such ; (2) antimony, tin 
as oxides or arsenates ; (3) bismuth as arsenate or phos- 
phate. Platinum and gold (when fi-ee from (2) or (3)) are 
easily recognised by their high specific gravity and their 
dark colour, and, after conversion into chlorides by treat- 
ment with aqua regia, can be detected side by side of 
another. To effect a rough analysis of the complex 

(2) -I- (3), treat the oxides with pure zific and hydrochloric 
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acid* until they are completely reduced, and next extract, 
first the excess of zinc and then the tin, by repeated treat- 
ment with boiling hydrochloric acid. Digest the residue 
with excess of yellow sulphide of ammonium ; the bismuth 
remains as sulphide, the antimony passes into solution as 
a thiosalt which, on evaporation to dryness, leaves the 
antimony in the form of a brick-red sulphide readily 
soluble in strong hydrochloric acid in the cold. A more 
exact method would probably be, to at once convert the 
oxides into sulphides by treatment with yellow sulphide of 
ammonium; the bismuth would remain as sulphide, the 
antimony, tin, arsenic, would pass into solution as thiosalts, 
and could be precipitated therefrom by hydrochloric acid 
as sulphides. The phosphoric acid, if present, would pass 
into the filtrate. The nitric solution cannot contain 

any tin, nor more than traces of gold or antimony, and it 
may, in general, be assumed to be free of platinum, but it 
may contain any of the other metals ; arsenic as oxide, the 
rest as nitrates. Its analysis presents no difficulties. In 
the treatment of an alloy with nitric acid the sulphur^ if 
present, gets converted into sulphuric acid ; Xht phosphorus 
into orthophosphoric ; the carbon and silicon partly into 
the elementary form, partly into the oxides CO2 and Si02. 

Alloys which are not attacked by nitric acid must be 
treated in the heat with strong hydrochloric acid, with 
gradual addition of nitric acid, the former acid being kept 
in excess, so that the metals are ultimately present as 
chlorides. If the bulk of the excess of acid is removed by 
evaporation, and water added, the silver only remains un- 
dissolved, while all the other metals pass into solution. 
From the solution it is always best, first to remove the 
gold and platinum by means of hydrogen, formate of soda, 
or other specific precipitants (see §§ 73, 76, 106), and then 
to search for the rest of the metals in the usual manner. 



♦Ifarsenic is present, part of it will go off as AsH„ which may be collected in 
il^NO^-soIution. 
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Alloys acting strongly upon water should be repeatedly 
treated with this liquid in the heat as long as there is any 
perceptible action,* and the aqueous extract be examined 
by itself for what may be present in it (i,e. for K, Na, Ba, 
and metals soluble in caustic alkali, e,g, Al, Zn). The 
residue is analysed by means of nitric acid as shown above. 
The same holds, mutatis mutandis^ for 

Alloys acting strongly upon hydrochloric acid, — The hydro- 
chloric solution is not likely to contain any metals of the 
copper and arsenic groups except tin and cadmium. The 
* hydrogen^ evolved may contain hydrides of arsenic, anti- 
mony, phosphorus, sulphur ; to detect these constituents, 
pass the gas, first through a tube full of crystals of sulphate 
of soda, to absorb the HCl, and then through nitrate of 
silver ; the elements named are converted into respectively 
Ag2S, AgsPOi, SbAga (precipitates), and As^Os (solution), 
and in these forms may be identified. 

To test a metal or alloy for nitrogen^ fuse it with caustic 
alkali ; the nitrogen goes off as ammonia. Compare § 382. 

II. Sulphides, III. Haloids, IV. Fluorides, 

V. Phosphates, VI. Silicates, 

544. If the substance under investigation, either from its 
known history, or by the results of the preliminary examina- 
tion, should be proved to consist, substantially at least, of 
constituents of any one of these classes, we naturally apply 
the special methods of analysis which were given in Part 
III. under the respective elements ; taking care, however, 
to keep alive to the possible presence of foreign admixtures, 
which, if they should present themselves, must be disposed 
of by supplementary operations. 

646. VII. Inorganic Substances generally. 
This heading is meant to cover all those cases in which 

* The hydrogen evolved may coatain ^sH v 
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the preliminary investigation of the substance has brought 
out nothing but the negative fact that it is free from com- 
bustible carbon compounds.* In such a case the course 
generally adopted is to start on the supposition of the 
substance being a mixture of the following classes of com- 
pounds : 

(i.) Salts, soluble in water and substances which by 
treatment with water are converted into solutions of salts 
(Exx. : NaCl, PCy. 

(2.) Compounds which, though insoluble in water, can be 
converted into aqueous salt-solutions by means of : 

(a) Dilute or strong Hydrochloric Acid or Dilate 
nitric acid, acting by double decomposition 
(Exx. : CaCOs, CdS). 
{b) Strong Nitric Acid of 1*4 or 1*5 sp. gr., or 
{by Aqua R^a, acting as oxidiziiig agents. 

(3.) Compounds which, in a practical sense at least, are 
proof against all these disintegrants. 

The method in its general form accordingly consists in 
this, that by successively applying to one and the same 
specimen of the substance the appropriate disintegrants, 
we try to extract from it and collect in separate solutions 
what belongs to class (i.), class (2.)^, class (2.)^, and class 
(2.)^^ respectively. Whether in proceeding to extract from it 
the constituents (2,)a, we should employ one or the other of 
the acids named, must be decided by tentative experiments 
or small specimens of the residue left after treatment with 
water. Nitric acid, in lieu of hydrochloric, should be used 
only, when the latter, through the presence of mercurous 
oxide or silver, would produce insoluble chlorides. Pre- 
liminary trials also must decide whether or not, in a given 
case, it is at all worth while to discriminate between any 
two successive groups. There is in fact no sharp line 

* We also assume, for simplicity's sake, fluorides to be absent. On the other hand, 
the instructions to be given may be asstuned to include cyanides decomposible by 
aa'ds. 



Inorganic Substances generally, 353 

of demarcation between any two of these groups. Thus, 
for instance, sulphate of lime stands between (i.) and {2,)a\ 
sulphide of copper or nickel belongs to both {2.)a and (2.)^. 
It is also easily seen that a substance, which by itself is 
insoluble in hydrochloric acid, may pass into the hydro- 
chloric solution in consequence of the presence in the sub- 
stance of oxidizing agents. Hence, although the successive 
application of two menstrua may divide a substance into 
two portions, it does not follow that it has effected a real 
separation in the specific sense. Such sham separations we 
must of course try as far as possible to avoid executing. 

With regard to the practical working of the process we 
must confine ourselves to saying that the substance, before 
being attacked by any disintegrants, should be powdered 
(the more finely the harder and denser it is), that the 
several menstrua must, as a rule, be applied in the heat, and 
that, supposing an acid to have done its work, the mixture 
must first be evaporated* to expel the bulk of the acid, and 
then diluted with water before the residue left is separated 
by filtration. 

In treating a substance with acids we must take note of 
the phenomena going on. In the treatment of a substance 
with hydrochloric acid there may be liberated, 
(i.) As gases or valours : — 

CO2 . . . indicating carbonates. 

SO2 ... „ sulphites or poljrthionates. 

H2S. . . „ sulphides. 

NCH . . „ cyanides. 

CI2 . . . 9) peroxides, etc. 
And there may be formed : 

(2.) Precipitates of sulphur, sulphides, chlorides (AgCl, 
Hg2Cl2), silica, tungstic acid,t etc. etc 

* Such evaporation should, strictly speaking, be always done in a retort con- 
nected with a condenser, and the distillate be examined for volatile substances, such 
as HNC, etc. 

t For further information see § 5x4. 

Z 
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The action of nitric acid or aqua regia may cause the 
formation of precipitates of sulphur, insoluble sulphates, 
chloride of silver, etc. etc. 

Hence the residue left after treatment of a substance with 
water and acids, may contain a variety of things besides 
what was originally presen t of compounds of class (3 . ) The 
following is a list of the more frequently occurring sub- 
stances, and gives hints as to the modes to be adopted for 
their identification or disintegration. 

546. Sulphur. — Easily recognised by its fusibility and 
ready combustibility into SO2. A residue left after com- 
bustion consists generally of some sulphide previously 
wrapped up in the sulphur, and will dissolve on being 
treated with mineral acids. 

547. Sulphate of Lead, — ^Blackened by sulphide of ammo- 
nium. When fused with NajCOs on charcoal, gives hepar 
and metal. If recently precipitated, it dissolves in warm 
solution of acetate of ammonia or tartrate of ammonia. 
Can be decomposed by boiling with aqueous carbonate of 
potash, and by treatment with zinc and hydrochloric acid. 

548. Haloids of Silver, — Blackened by sulphide of 
ammonium. When recently precipitated, easily decom- 
posed by zinc and water acidulated with sulphuric acid. 
Under all circumstances completely decomposed by fusion 
with alkaline carbonate. 

549. Oxides of Tin and Antimony (if recently formed in 
wet-way reactions). Soluble in warm yellow sulphide of 
ammonium. Readily decomposed by zinc and hydro- 
chloric acid with elimination of the metals. 

550. Native Oxide of Tin (and Tin-Ash). — Rendered 
soluble by fusion with caustic alkali (in silver crucible) ; 
also by fusion with three parts of sulphur and three parts of 
carbonate of potash (in porcelain crucible). 

551. Tungstic Add and Tungstates, — Recognised by 
Wowpipe-tests. (If not disintegrable by hydrochloric acid) 

imy be rendgredsolubVe "b^ iwsvoYi m\iv alkaline carbonate. 
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552. Titanic Acid. ( Disintegrable by fusion with six 

NaHve Alumina. \ P^'^f "^ ^^^^ ^"^P.'jf « "^ P"^"*^ 

V. m platinum crucible. 

563. Sulphates of Baryta and Strontia. — Recognised as 
Ba and Sr compounds by flame-tests, as sulphur-compounds 
by hepar-test. Decomposed by fusion with alkaline car- 
bonate. 

554. Fluorides, — ^When treated with oil of vitriol in 
platinum give oflf HF, which attacks glass. May be dis- 
integrated by treatment with oil of vitriol in the heat Or 
by fusion with alkaline carbonate and silica. Aqueous 
extract contains the fluorine, residue the bases. 

555. Silicates, — Recognised by comportment with micro- 
cosmic salt and carbonate of soda beads. Decomposible 
by fusion with alkaline carbonate; or treatment with 
"fluoride of ammonium and sulphuric acid (in platinum). 

556. Oxide of Chromium, — Recognised by comportment 
with borax bead. Dissolves readily in fused mixture of 
caustic alkali and nitre as chromate, soluble in water. The 
same method applies to 

557. Chrome Iron Ore, — ^The following, however, is a 
more efficient method : Fuse 2 parts of borax glass with 
3 parts of carbonate of potash and soda (NaKCOs), dissolve 
in this flux \ part of ore, and heat the fused mass in con- 
tact with air for half an hour. The fused mass when 
treated with water gives up the whole of the chromium as 
alkaline chromate. — ( W, D,) 

558. Carbon, — Recognised by its combustibility into 
CO2. Graphite, however, bums only very slowly, even in 
pure oxygen. 

559. Notes, — In all the fusion processes above referred 
to, it is absolutely necessary that the substance should be 
reduced to an impalpable powder ; or else a portion of it 
will be almost sure to escape decomposition. When 
we are in doubt as to the proper flux to be used, alkaline 
carbonate mixed with a little nitre may be used for a first 
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approximation. The fused mass when treated with water 
gives up to the latter at least part of the acid or acids 
present, as alkaline salt \ the bases remain in the residue in 
forms which, as a rule, are soluble in acids. * Alkaline 

carbonate ' means, of course, carbonate of potash K2CO3 or 
carbonate of soda Na2C03; but what works best is the 
mixture NaKCOs, which fuses far more easily than either of 
its constituents. Many of those sulphides, arsenides, 

etc., which are only difficultly attacked by strong nitric acid 
or aqua regia, readily yield to a mixture of nitric acid of 
I '4 and chlorate of potash. — (^ Storer's oxidant.') 

560. VIII. Organic Substances, 

Apart from the methods given in Part III. for the identi- 
fication of a few organic acids, this book, in regard to* 
organic substances, does not pretend to do more than show 
how they can be tested for their elementary constituents. 
But there is no need of our here repeating what was stated : 
regarding cyanides in §§ 470 and 471 ; regarding salts of 
oxygenated acids in §§ 478, 481, 487; regarding organic 
mixtures generally in §§ 490, 491, 492, 493. 

Exhaustive ExamincUion of the Salt-Solutions derived 

from the Substance. 

561. In order to complete the analysis of our substance, 
the salt-solutions derived from it must be examined for the 
bases and acids which, according to the results of the pre- 
liminary examination, can possibly be contained in it. If 
a series of solutions has been obtained, each of these must, 
as a rule, be examined separately; because the way in which 
the constituents have been separated from one another by 
the several disintegrators used, always gives some informa- 
tion regarding the nature of the original substance. But 
even if a mere elementary analysis was contemplated, it 
would, in general, be a mistake to try and save time by 
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mixing the solutions together and analysing the mixture. 
Such a procedure would not unfrequently lead to the re- 
{MToduction of insoluble compounds, and defeat the object 
of previous operations ; but even when the solutions can be " 
mixed without the formation of precipitates, the advantage 
gained by substituting one analysis for the two or more of 
the separate solutions would be more than outweighed by 
the difficulties introduced in the former case, through the 
greater complexity of the mixtture. 



Examination for the Metals, 

562. The methods to be used for the separation of the 
metals depend on the results brought out in the preceding 
operations and the degree of potential complexity in the 
solution. In the sequel we shall consider some cases such 
as more firequently present themselves in practice. Let us 
suppose, 

563. I. That, from the history of the substance, and the 
operations which served to convert it into a solution, we 
knew that this solution could contain nothing but metallic 
or hydric chlorides, sulphates, nitrates, or other classes of 
salts exhibiting normal metal-reactions, and that, in particu- 
lar, we were sure of the absence of (i) combustible carbon 
compounds, (2) fluorides, (3) silicates, (4) thiosulphates, 
polythionates and salts of thio-acids (such as AsgSg, etc.), 
(5) meta- or pyro-phosphates. This case may safely be 
left in the hands of the student, as it was fully discussed in 
§§ 281-293. 

564. II. We will now consider the case of, let us say, a 
purely aqueous solution of inorganic* salts, not sufficiently 

* ' Inorganic * is here taken as Including carbonates, cyanides, cyanates, sulpho- 
cyanates. Hence the instruction given covers all that can be contained in a 
solution, obtained by treatment with water of a substance previously exposed to a 
red heat, and besides includes many compounds which could not be present in such 
a liquid. 
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investigated for plax:ing it into category I. In such a case 
the first step naturally is to examine the liquid, as far as 
necessary, for all those classes of acid-radicles, which would 
interfere with the working of the general scheme of metal- 
analysis referred to. For this purpose it is generally 
sufficient to study the action on specimens of the solution, 
or on the residue it leaves on evaporation to dryness, of 
hydrochloric acid, nitrate of silver, oil of vitriol, according 
to §§ 514, 522, 512, 513, and to search for anorthophos- 

phates* These, however, if orthophosphoric acid is present, arc 
sometimes difficult to detect or prove absent In the worst case we 
can make sure of their absence by prolonged treatment of the solutum 
with strong nitric acid, or, what is better, by fusion of the same with 
excess of alkaline carbonate, when they are bound to pass into 

the ortho-condition. If one or several of the classes of acids 
referred to are present, they must be removed by operations 
guaranteeing the conversion of the metals into such com- 
pounds as are accessible to the ordinary methods of 
separation. The following paragraphs suggest methods for 
some of the cases that may present themselves : 

565. I. We have to deal with a solution of thiosalts. 
Such a solution is always alkaline to test-paper. It blackens 
metallic silver, and gives dark precipitates with nitrate of 
silver or sulphate of copper. Acidify with hydrochloric acid 
and expel the sulphuretted hydrogen, if formed, by gentle 
heating. If a precipitate is formed, it may contain sulphur, 
sulphides of the arsenic group and of mercury ; also small 
quantities of the sulphides of copper and nickel. The 
filtrate can contain only metals of the barium and potassium 
and magnesium groups, and perhaps Cr203 and Al20a. 

566. 2. Alkaline Silicates, — Supersaturate with hydro- 
chloric acid, evaporate to complete dryness, moisten the 
residue with strong hydrochloric acid, allow to stand for 
about a quarter of an hour, treat with water, and filter. 
Precipitate : silica^ which must be identified with the blow- 
pipe ; filtrate : metallic chlorides. 
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667. 3. Salts of sulphur-acids* (others than sulphuric or 
hjrposulphuric) can generally be decomposed by evapora- 
tion with excess of hydrochloric acid. Products : sulphur- 
ous acid, sulphur, insoluble sulphides, such as Ag2S, PbS, 
etc. If such sulphides should separate out, they may either 
be filtered off and examined by themselves, or destroyed in 
the mixture by means of some oxidizing agent, such as 
chlorine-gas, chlorate of potash, nitric acid. On expelling 
by evaporation the excess of acid and then adding water, 
we obtain, in general, a precipitate containing, possibly, 
sulphates of barium, strontium, lead, chloride of silver ; and 
a solution of metallic sulphates, chlorides, nitrates. 

568. 4. Fluorides must be decomposed by evaporation 
with oil of vitriol in platinum vessels. 

569. 5. Cyanides, — These can all be decomposed by 
being boiled downf with excess of hydrochloric acid or by 
treatment with oil of vitriol in the heat (see § 471). The 
second method is quite general, but it involves the volati- 
lization or decomposition of almost all the acids that may 
be present. The following process, which is free from this 
objection, would probably work in the majority of cases : 
precipitate the solution with excess of nitrate of silver in 
the cold, theft add excess of nitric acid and filter. The 
precipitate contains the cyamgen-radicles (NC, (NC)6Fe, 
(NC)6Co, NCS, etc.) ; the filtrate contains the metals pre- 
viously united with these radicles, as nitrates, and, of course, 
excess of nitrate of silver. Regarding the precipitate, see 
§ 472. The process would not work with cyanide of 
mercury. 

570. A solution containing, possibly, representatives of 
all the classes of salts named could probably be managed as 
follows : Acidify with dilute sulphuric acid, evaporate to 



* We purposely include the sulphites, as they become troublesome in the treat- 
ment of the acid solution with sulphuretted hydrogen. 

t In a retort connected with a condenser to condense the vapours of hydrocyanic 
acid 
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dryness, and heat the residue with oil of vitriol, adding from 
time to time some nitric acid, imtil the substance is com- 
pletely decomposed and oxidized, and all the volatile pro- 
duct (HF, SO,, CO, CO,, etc.) expelled. After driving 
off the bulk of the excess of acid by evaporation, treat with 
dilute hydrochloric acid and filter : — 

A, The residue may contain, inter cUia^ silica, [tungstic 
acid,] oxide of tin (perhaps combined with arsenic or 
phosphoric acid), insoluble sulphates (of Ba, Sr, Pb), chloride 
of silver. By digesting such a mixture with sulphide of 
ammonium,* all the oxides of the arsenic group would be 
converted into a solution of thiosalts, so that, by filtration, 
we should obtain, 

P^ precipitate containing, possibly, silica, sulphates of Ba 
and Sr, sulphides of lead, silver, bismuth, etc., and 

h filtrate containing the arsenic-group metals as thiosalts. 

B, The filtrate from A could contain only such classes of 
salts as are accessible to the ordinary methods of metal- 
analysis. 

571. III. Salts of Oxygenated Organic Acids, — ^The only 
really general method in the case of these is to begin by 
destroying the organic part by means of some thorough- 
going process of destruction, such as Cariusi', treatment 
with oil of vitriol or nitro-sulphuric acid, etc., so as to 
obtain all the metals in the form of sulphates, nitrates, or 
chlorides. But it is not by any means always expedient to 
resort to such a process of destruction. In many cases 
the metals can be separated out by the usual group- 
reagents as used for ordinary mineral salts. It is only 
necessary to know how far the action of these reagents is 
liable to be modified by the presence of organic acids. 

Silver, mercurosum, lead, can be separated out as usual by 
hydrochloric acid, but the precipitate is liable to contain, 
besides the chlorides of these radicles, also difficultly 

* Or, if sulphide of ammonium does not act satisfactorily, by fusing it with sulphur 
and alkaline carbonate, and treating \!i\e fused 'nvaiS& 'mVSci.'<«)^\xx. 
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soluble organic acids such as benzoic, higher terms of the 
series CnH2n02, etc. If such acids should happen to be 
present, it is advisable to precipitate them by means of 
some appropriate mineral acid and to remove them by 
filtration. From the acid filtrate, 

The metals of the Copper and Arsenic Groups can be 
precipitated, as usual, by means of sulphiuretted hydrogen ; 
only the precipitate is liable to contain, besides these, also 
zinc, nickel, cobalt, and perhaps even traces of other iron- 
group metals. From the filtrate of the sulphuretted hydro- 
gen precipitate. 

Iron, nickel, cobalt, manganese, zinc, if present, can, as 
a rule, be completely precipitated by sulphide of ammo- 
nium ; but aluminium and chromium, especially in presence 
of non-volatile acids, may escape precipitation. The 
precipitate is liable to contain insoluble salts of organic 
acids and barium-group metals, e,g, oxalate of lime, etc. 

The precipitation of Bariuttiy Strontium^ and Calcium by 
means of sulphuric acid and alcohol is not interfered with 
by the presence of organic acids. 

Examination for the Acids. 

572. The exhaustive examination of a solution for indi- 
vidual acids, if not accidentally facilitated by accumulation 
of negative results, may present great difficulties, and even 
go beyond the resources of analysis. Before entering on 
such an analysis we must first review the results already 
obtained and see how far they anticipate or narrow down 
the problem. The results collected in the preliminary 
examination, and in the examination for metals, will gener- 
ally exclude a greater or lesser number of acids as neces- 
sarily absent Thus, for instance, baryta and sulphuric 
acid, oxide of silver and hydrochloric acid, in acid solu- 
tions, and lime and oxalic acid in alkaline ones, obviously 
exclude each other. 
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After these preliminaries we pass to the differentiation, 
first of groups and then of individual acids. On starting, 
the best system that can be adopted is to successively 
apply to separate portions of the solution the proper selec- 
tion of the acid-indicators enumerated in the summary 
given in §§ 5 14 ^ seqq,y and with each of these reagents, so to 
say, to sift out what acids fall within its range, taking care 
to classify the results according to the elementary radicles of 
the acids found or proved absent, so that a glance at our 
notes at any moment enables us to see at least how far we 
have got towards executing an ultimate analysisof thesolution. 
In applying the methods suggested in the summary referred 
to, we must not forget that much of what it gives rests on 
the tacit assumption of the absence of those acids which it 
fails to enmnerate, and on the absence also of certain rare 
combination of substances, not in themselves expressly 
excluded. Hence a positive result may be owing, not to 
the respective acids named in the book, but to the presence 
of some other acids which it fails to take into account ; and 
a negative result, instead of proving the absence of the acid 
searched for, may be owing to the existence in the liquid 
of some uncommon combination of things. Thus, for 
instance, the reaction of barium salts with sulphates even 
may fail, in consequence of the presence of certain pyro- 
phosphates, metaphosphates, or citrates. This source of 
fallacy is not yet sufficiently investigated. It needs hardly 
be said that similar sources of error are concealed in our 
methods for the detection of bases^ and that the only way to 
guard against them is not to take for granted any result, 
whether positive or negative, until it has been confirmed by 
independent methods of investigation. Apart from 

exceptional difficulties, we may say that the methods detailed 
in Part III. will generally enable us to determine the pre- 
sence or absence of the following individual acids : Hydro- 
chloric, perchloric, hydrobromic, hydriodic, hydrosulphuric, 
li/drofiuorici sulphuric, oithophosphoric, carbonic, oxalic, 



For Acids. 363 

silicic, boracic ; and of the following groups of acids, as 
groups : oxygenated acids of chlorine lower than HCIO4 ; 
bromic, iodic; nitrous, nitric; phosphorous, hypophos- 
phorous; the anorthophosphoric acids; a few groups of 
oxygenated organic acids (besides H2C2O4 and H2CO3) ; 
but the diflferentiation of the members of a group is possible 
only in special cases (which, however, in practice are pretty 
numerous). 

Determination of the Acids pre-existing in the Substance, 

573. In giving directions (in §§ 543 et seqq,) for the disin- 
tegration of substances, we had in view chiefly the wants 
of ultimate analysis. How far the solutions prepared are 
available for the purpose indicated in the heading, depends 
on the operations employed in making the solutions. It 
is easily understood that to determine the nature of a 
substance from the products it yields when operated upon 
in a given way, is, in general, an indeterminate problem, 
the more so, the more energetic the action of the reagents 
used. 

A purely aqueous solution, especially if prepared in the 
cold, can, as a rule, be assumed to contain all the acids 
and bases of the original substance unchanged. With 
solutions prepared by means of hydrochloric acid this can 
no longer be assumed, especially not if the solution was 
effected in the heat. Volatile acids may have been alto- 
gether expelled, others may have been decomposed and the 
products again may either have been volatilized or remained 
in the solution. If a solution results from some process of 
oxidation it is, as a rule, available only for a purely elemen- 
tary analysis. Hence, in the case of a substance insoluble 
in water, the analysis of the solutions derived from it must, 
in general, be supplemented by special experiments to- 
wards the detection of those of the acids potaitially present, 
which, if they had been present, would not V^^:^^ 's^sntw^^ 
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the operations involved in making the solutions. Unfor- 
tunately there is no general process for extracting in a solu- 
ble form, from an insoluble substance, the acids it contains ; 
sometimes this can be effected by boiling the finely powdered 
substance with a solution of carbonate of potash, but the 
process is by no means generally applicable. In certain 
cases the quantitative determination of certain of the 
elements present in the substance may enable one to decide 
whether it is the one or other of a group of acids which 
pre-exists in the substance, but this method also is only of 
limited applicability. 

In fact, easy as it is to determine the elementary com- 
position of a substance, proximate analysis is, in general, a 
difficult problem, for the solution of which the science in 
its preisent state affords no methods which, even in the 
most modest sense of the word, could be called generally 
applicable. 
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